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•  The  Nation  must  have  a  rapidly  deployable  ground 
component  to  both  rapidly  and  potently  stop 
aggression,  killing,  dying  ...* 

•  The  FCS  Program  will  produce  the  appropriate  family  of 
medium  weight  vehicles 

•  But  the  Study  Members  believe: 

-  The  Dismounted  Soldier/Marine  Team  will  hold  the  key  to 
implementing  national  objectives 

-  Our  current  force  will  be  unable  to  undertake  such  tasks  in 
the  future  without  a  high  likelihood  of  significant  casualties 
and  collateral  damage 

Therefore: 

Our  Nation  must,  on  a  priority  basis,  undertake  a  comprehensive 
program  to  significantly  improve  dismounted  Soldier/Marine 

Team  capabilities 

*Paraphrased  from:  Transformation  Study.  Gen  Jim  McCarthy,  USAF  (Retired) 


As  the  study  progressed,  the  team  members  came  to  realize  that  our  nation  was  entering 
into  an  era  wherein  employment  of  dismounted  soldiers  would  hold  the  key  to  achieving 
our  national  objectives  during  a  period  of  crisis.  However,  as  we  reflected  on  recent 
events,  we  knew  there  would  be  a  strong  reluctance  to  employ  our  soldiers  due  to 
concerns  about  the  prospect  of  considerable  casualties.  As  a  result,  our  national  arsenal 
was  effectively  devoid  of  a  very  important  element  for  the  future  crisis  management  - 
specifically,  a  soldier  that  could  enter  a  most  challenging  environment,  close  with  and 
destroy  the  enemy  and,  importantly,  survive. 


We  also  came  to  the  realization  that  it  was  possible  to  accomplish  the  very  challenging 
missions  that  may  arise  in  whatever  difficult  environment  provided  that  the  Soldier/ 
Marine  Team  was  equipped  with  technologies  that  are  emerging,  invoked  the  qualities  of 
first  in  engagements  and  was  trained  in  the  use  of  the  technology. 


Therefore,  our  heartfelt  recommendation  that  our  Nation  should  undertake  on  a  priority 
basis  a  comprehensive  program  to  improve  the  Soldier/  Marine  Team  capabilities.  This 
report  is  dedicated  toward  pointing  the  way  for  such  a  program. 
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Vision 


The  Future  Dismounted  Soldier/Marine 
Team  will  achieve  decisive  victory  through 
“a  ten-foid  i10X)  improvement”  in 
effectiveness 
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The  vision  the  study  team  set  was  to  increase  the  capabilities  of  our  Dismounted  Soldier/ 
Marine  team  by  a  factor  of  10!  This  would,  of  course,  necessitate  a  dramatic  change  in 
the  way  the  soldier  would  fight  and  the  way  he  is  equipped. 


Our  analysis  suggests  this  stretch  goal  can  be  achieved.  But  it  can  only  be  achieved 
through  synergy  and  collaboration  and  with  qualitative  advances  in  lethality, 
survivability,  CV4ISR,  mobility,  sustainability  and  people. 
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Objective  Force  Soldier  Study 
Terms  of  Reference 


Characterize  improvements  in  lethality,  survivability,  C4ISR  and 
logistics  required  to  yieid  a  more  effective  Objective  Force 
Soidier/Marine  Team  across  the  operational  spectrum 


Evaluate  connectivity  between  FCS  and  the  Objective  Force 
Soldier/Marine  Team 


S 

T 

U 

D 
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Assess  current  and  projected  RDA  efforts.  Focus  on 
effectiveness,  weight  reduction,  power  and  affordability 


Recommend  alternative  S&T  investment  strategies  and  map  the 
technological  advances  from  present  to  future 


2001 


The  Study  Terms  of  Reference  have  been  summarized  and  are  shown  above.  The  full 
text  is  included  in  Appendix  A. 


4 


Objective  Force  Soldier  Study  Team 
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The  team  included  members  and  consultants  from  the  private  sector  and  academia,  as 
well  as  retired  general  officers.  More  information  on  Panel  membership,  roles  in  this 
study  and  participant  organization  or  occupation  is  available  in  Appendix  B  - 
Participants  List. 
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Land  Warrior  -  A  Success  Story 
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•  It  works 

•  Dramatic  cost  reductions 

•  Big  gains  in  effectiveness 

•  The  LW  Team  deserves  high  praise 

•  However,  significant  challenges 
remain: 

-  Fightability 

-  Weight 

-  Power 

-  Affordability 

-  Systems  Approach 


2001 


6 


The  first  major  finding  was  that  the  Land  Warrior  program  is  a  success  story. 
Congratulations  are  due  to  Dr  Brandlier  of  Natick  Laboratory  and  COL  Jette,  the 
program  manager. 


This  finding  is  supported  by  the  following  observations.  The  program  costs  have  been 
significantly  reduced  which  will  save  the  Army  millions  of  dollars.  Further,  in  field  trials 
at  the  Joint  Readiness  Training  Center,  the  Land  Warrior  system  enabled  soldiers  to 
dramatically  change  the  course  of  selected  battles.  An  example  being  a  confrontation 
with  snipers  wherein  soldiers  equipped  with  Land  Warrior  were  able  to  knock  out  the 
snipers  with  very  few  losses  as  compared  with  prior  exercises  in  which  the  forces  had 
high  losses. 


Significant  challenges  remain,  however.  These  challenges  can  be  categorized  into: 
fightability,  weight,  power,  and  affordability.  Each  of  these  categories  will  be  addressed 
in  detail  in  the  study. 
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^Objective  Force  Soldier  and  Small  Unit  Study 

Preliminary  Goals 


Force  Oriented  End  State  Capabilities 
with  Time  based  Way  Points/Guide  Points 


Key  Force 
Parameters 


Quantified  & 
Measurable 


Time  Frames 


Lethality 

1/3  -  3X  Unit  Size 

Survivability 

%  Casulties  Reduction 

C4ISR 

Latency  -  Min/Sec 
Connectivity  -  Rms 

Mobility 

Pounds/Kms  /Minutes 

Sustainability 

Days/Hours/Minutes 

Affordability 

%  Base  Cost 

Current  -  2001 
Near  -  FUE  2008 
Mid -FUE  2012 
Far -FUE  >2012 


Example:  Offense:  Platoon  defeats  enemy  -  Open  Terrain  1/3  it’s  size  (Current); 
Equal  size  (Near);  2x  it’s  size  (Mid);  3x  it’s  size  (Far) 


We  considered  intermediate  goals  to  determine  attainment  of  a  ‘lOX’  soldier.  With  no 
pre-established  set  of  measures  for  a  soldier  system,  a  preliminary  was  prepared  to  spur 
discussion. 


To  assist  in  interpreting  this  chart,  consider  that  several  time  frames  were  selected  for 
this  study:  Near  term  was  selected  to  be  consistent  with  the  initial  fielding  of  the  FCS 
force.  This  would  require  a  Technical  Readiness  Level  (TRL)  of  7,  or  readiness  for 
engineering  development  by  2004,  which  would  in  turn  permit  a  First  Unit  Equipped 
(FUE)  in  2008.  Similar  TRL’s  and  FUE’s  were  specified  for  the  mid  and  far  terms. 

Lethality:  An  example  of  how  one  might  interpret  these  measures  would  be  to  consider 
the  1/3  -  3x  line  relating  to  ‘Offense:  Platoon  defeats  enemy:  Open  terrain,  dug  in’. 
Typical  planning  factors  today  require  a  3  to  1  advantage  over  the  threat  to  accomplish 
the  mission.  For  today’s  force,  that  is  shown  as  defeating  a  threat  of  1/3  its  size.  In  the 
near  term,  the  goal  would  be  to  defeat  a  threat  of  equal  size  and,  in  the  future,  defeat  one 
3  times  its  size.  This  would  be  roughly  a  ten  fold  increase  in  capability.  In  other  tactical 
situations  comparable  gains  were  specified. 

Survivability:  Reduced  casualties  with,  in  the  far  term,  an  overall  reduction  of  50%  in 
blue  casualties  being  desired. 

C4ISR:  In  considering  situational  understanding  in  our  deliberations,  it  was  deemed  to 
include  both  a  degree  of  completeness  in  terms  of  knowledge  of  red  and  blue  forces  as 
well  as  a  time  latency.  Assured  connectivity  is  integral  to  achieving  the  lOX  soldier. 
This  is  particularly  challenging  in  areas  of  broken  terrain,  mountains  and  urban  canyons. 
As  the  Future  Combat  Systems  dominate  greater  areas,  the  assured  connectivity 
distances  need  to  increase  accordingly. 
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Mobility:  A  soldier’s  mobility  is  closely  linked  to  the  weight  that  he  carries.  Although 
different  units  carry  somewhat  different  items,  a  92  pound  load  fighting  load  is 
representative.  A  load  this  heavy  severely  restricts  soldier  mobility.  A  major  reduction  is 
necessary  and,  therefore,  a  future  goal  of  30  pounds  was  selected. 


Sustainability/  Resupply:  There  is  high  correlation  between  one’s  confidence  in  timely 
receipt  of  supplies  and  the  amount  one  carries.  If  a  resupply  system  were  ‘never  too 
late’,  then  one  could  confidently  carry  less  water,  etc.  A  future  goal  of  resupply  within  6 
minutes  was  specified. 


Affordability:  All  is  for  naught  if  the  technical  solutions  cannot  be  afforded.  The 
baseline  for  comparison  of  current  soldier  system  is  specified  as  Land  Warrior  and 
OICW.  For  the  future,  a  goal  of  50%  reduction  in  costs  was  suggested. 
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Toward  Achieving  the  Goais 


Factors 


C4ISR 


People 


Affordability 


Potentiai  Technicai 
Opportunities 

Micro  &  Mini  UAVs  &  UGVs 
Mine/Booby  Trap  Sensing 
Through  Wall  Sensing 
Sniper  Detection 
Soldier  C4ISR  Connectivity 
Decision  Aids 

ID  Friend,  Foe,  &  Neutral  (IFFN) 
Responsive  Organic  &  Joint  Netted 
Fires 

Exoskeleton  Assist  Systems 
Robotic  Mule 
Sustainment  by  UAV 
Signature  Management 
Robotic  Targeting  &  Attack 
Agile  Target  Effects 
Physiological  Monitoring 
Power  Management 
Lightweight  Integrated  Soldier  System 
Water  Purification  &  Generation 
Acquisition 
Assignment 
Sustainment 
Soldier  Life-Cycle 


CAIV/COTS 


10X  Effectiveness 


The  various  factors  of  C4ISR,  mobility,  etc.,  were  mapped  across  the  ‘qualities  of  first’. 
The  technologies  which  our  assessment  process  identified  as  high  potential  are  shown. 
These  technologies  will  be  described  in  detail  in  later  sections  of  this  report.  Technical 
readiness  levels  and  adequacy  of  funding  will  also  be  addressed. 


A  very  significant  important  message  throughout  this  report  is  that  a  systems  approach  is 
mandatory.  The  solution  to  a  1  OX  soldier  will  not  become  a  reality  unless  a  systems 
approach  is  taken. 
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Analysis  Panel  Mission 


Grozny 

2000 


•  Recommend  initiatives  to  enhance 
assessment  tools  and  capabilities 

*  Explore  mission  effectiveness  to 
identify  needed  operational 
enhancements 


The  Analysis  Panel  performed  two  related  jobs  for  the  study  team  First,  they  assessed 
the  capabilities  of  existing  analysis  tools  to  support  the  assessment  of  dismounted 
operations  in  complex  terrain.  Based  on  that  assessment  they  recommended  initiatives  to 
enhance  these  tools.  Second,  taking  advantage  of  appropriate  tools,  they  performed 
analyses  to  highlight  those  operational  capabilities  that  were  needed  to  significantly 
enhance  mission  effectiveness.  These  latter  results  were  provided  to  the  other  Study 
Panels  to  focus  their  efforts  to  identify  relevant  technological  and  system  initiatives  to 
achieve  those  operational  capabilities. 
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Challenges  in  “Analyzing”  Dismounted 

Operations 

•  Key  constructive  and  virtual  model  research  is 
missing  or  inadequately  resourced 

•  Core  physical  and  behavioral  models  are 
inadequate 

•  Unit  effectiveness  models  have  key  limitations, 
particularly  in  urban  scenarios 

•  Little  agreement  on  representative  scenarios 

•  Current  models  are  resource  intensive  and 
inflexible 

•  Data  are  difficult  to  acquire 
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Based  on  our  review  of  existing  and  planned  tools  to  evaluate  dismounted  operations  in 
complex  terrain  we  concluded  that  the  community  has  a  number  of  important 
limitations.  We  have  identified  six  specific  challenges  that  warrant  immediate  attention. 
First,  we  have  concluded  that  key  constructive  and  virtual  model  research  is  missing  or 
inadequately  resourced.  This  is  broadly  consistent  with  the  preliminary  findings  of  the 
recently  formed  MOUT  Functional  Area  Concept  Team  (FACT).  Our  only  sense  of 
disagreement  with  that  group  is  that  we  believe  that  they  are  overly  optimistic  in  their 
assessment  of  the  state  of  the  research  base.  Second,  we  rate  core  physical  and 
behavioral  models  for  complex  terrain  as  inadequate.  For  example,  as  pointed  out  by 
Mike  Bauman,  Director,  TRAC,  we  lack  an  understanding  of  the  process  by  which  an 
individual  performs  the  search  process,  either  unaided  or  with  a  sensor,  in  an  urban 
environment.  Third,  we  have  key  limitations  in  unit  effectiveness  models  particularly  to 
address  complex  and  urban  scenarios.  In  the  analyses  that  we  performed  to  support  the 
Summer  Study,  the  inability  to  represent  innovative  TTPs  easily,  as  well  as  the  lack  of 
credibility  in  existing  unit  effectiveness  models,  became  quite  apparent.  Fourth,  we  have 
little  agreement  across  the  community  about  what  these  representative  scenarios  should 
be.  During  the  Cold  War,  we  had  the  comfort  of  dealing  with  the  Fulda  Gap  and 
SCORES  6A.  We  have  yet  to  replace  these  scenarios  with  a  set  of  conditions  that  people 
understand  and  believe  to  be  representative  of  future  conflict.  Fifth,  we  have  found 
current  models  to  be  highly  resource  intensive  and  relatively  inflexible.  This  means  that 
it  takes  extensive  time  and  resources  to  do  focused  analysis  in  this  arena.  As  a 
consequence,  current  analyses  are  often  limited  to  a  very  restricted  set  of  conditions. 
Finally,  the  data  that  are  available  is  very  difficult  for  analysts  to  acquire  and  assimilate 
into  existing  models.  As  an  example,  simulations  of  MOUT  generally  require  very  high 
resolution  terrain  data  (e.g.,  1  meter  resolution  or  DTED  level  5).  Currently,  the  regions 
of  the  world  where  DTED  level  5  data  are  available  is  extremely  limited  and  extremely 
time  consuming  to  acquire  and  adapt  to  the  needs  of  the  models.  It  is  even  more 
challenging  if  subterranean  features  (e.g.,  sewer  systems)  are  needed  for  the  models.  In 
addition,  valuable  data  that  have  been  acquired  at  the  Combat  Training  Centers  have  not 
been  made  available  for  research. 
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Five  different  analytic  studies  were  undertaken  in  this  effort.  Most  of  the  focus  was  on 
urban  operations  but  one  looks  at  complex  terrain  where  the  dismounted  soldiers  must 
attack  across  300  meters  against  dug  in  red  soldiers  hidden  in  a  woodline.  The  scenario 
evolved  from  RAND  reseach  in  Kosovo.  This  slide  depicts  the  results.  Options  are 
added  one  at  a  time  as  indicated. 

We  then  moved  to  the  next  phase  of  the  analysis  and  considered  adding  combinations  of 
these  options  into  the  base  case.  The  first  variant  added  indirect  fire  with  the  OICW. 
That  served  largely  to  nullify  the  effect  of  Red's  machine  guns  (which  were  the  major 
killer  of  Blue  Forces,  even  when  they  were  equipped  with  body  armor).  Subsequently, 
when  we  added  the  body  armor  to  the  mix  we  got  a  substantial  improvement  in 
effectiveness  (i.e.,  a  17  fold  improvement  in  LER  over  the  base  case).  At  this  stage,  with 
the  elimination  of  Red's  machine  guns.  Blue's  body  armor  provides  extremely  effective 
protection  against  Red's  small  arms,  substantially  reducing  Blue's  losses.  Although  it  is 
not  explicit  in  the  model,  you  need  the  ability  to  communicate  and  collaborate  amongst 
the  Blue  forces  in  order  to  conduct  this  type  of  activity. 

These  analyses  suggest  that  there  is  a  substantial  potential  for  synergy  among  materiel 
and  tactical  options  if  they  are  implemented  in  a  synchronized  fashion. 
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10X  Enablers  (Transformation) 


Lethality  /  Effects 
-  Responsive  Reach  Back 

Non- Lethal 

Room  Clearing  Weapons 

Small,  Desired  Effects  Weapons 

LCDW  (e.g.,  SASO) 

Counter  Sniper 

Direct  and  indirect  Fires 

Survivabiiity 

Detect/Avoid  Surprise  Threats 

Signature  Management 

Active  Protection 

Passive  Protection 

Mobility 

Transport  Heavy  Load 

High  Sprint  Speed 

Vertical  Tactical  Mobility 

Soidier  Vehicie  Support  interfaces 
Enhanced  Endurance 

C4iSR 

iPB  for  Compiex  Terrain 

Detect.  Ciassify.  iFFN.  Track  and  Fuse 

Simulation  on  Demand  (e.q..  Novei 

COAs.  Reaiistic  Rehearsal) 

(e.q..  Rooms.  Tunne  s.  Jungies) 

Decision  Aids  for  Pianning,  Execution 
information  Operations 

Compiex  Terrain 

*  Comms  (intra/inter  Echelon) 

*  Precision  Naviqation/Trackinq 

Sustainabiiity 

“Never  Too  Late”  Suppiv 

Fauit  Toierant  Systems 

Power  Management 

Other 

Operationai  Preparedness  (e.g.  Training)  - 

intearated  Svstem  Desian  (e.a.. 

Experimentation 

Sysfem  of  Systems) 

Based  upon  our  data  mining  and  assessment  activities,  we  have  identified  key 
capabilities  that  are  needed  to  perform  effective  dismounted  operations  in  complex 
terrain.  We  have  organized  these  potential  capabilities  into  six  categories:  lethality, 
survivability,  mobility,  C4ISR,  sustainability,  and  other  (e.g.,  training,  experimentation, 
systems  perspective).  All  of  these  capabilities  are  potential  areas  for  improvement. 
However,  there  are  two  key  points  to  emphasize.  First,  the  panel  reviewed  these 
capabilities  and  highlighted  those  that  could  truly  transform  the  nature  of  dismounted 
operations  in  complex  terrain.  Those  transformative  capabilities  are  highlighted  on  the 
slide.  Second,  it  is  interesting  to  note  that  the  bulk  of  these  transformative  capabilities 
are  clustered  in  the  area  of  C4ISR.  Thus,  the  primary  challenge  to  the  S&T  community 
is  to  develop  the  technologies  that  are  needed  to  make  these  C4ISR  capabilities  a  reality. 
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Fightability  Panel 


Mission  Statement 

Enhance  the  capability  of  the  future  soldier  to 
accomplish  his  mission  and  objectives 


Soldier  System: 
The  soldier, 
plus  everything 
worn,  carried, 
consumed  or 
controlled  by 
the  dismounted 
soldier/  team. 


Fightability: 
Capability  of 
soldier  /  team  to 
accomplish 
mission 

objectives,  with 
ability  to  move, 
communicate, 
shoot,  survive, 
sustain. 


Mission: 

The  Fightability  panel  was  chartered  to  look  at  technologies  that  enhance  the  fighting 
capability  of  the  future  soldier. 


Definition  of  Soldier  System: 

We  adopted  the  Army  definition  of  soldier  system  as  inclusive  of  the  dismounted 
soldier/team  and  anything  worn,  carried,  consumed  or  controlled  by  the  soldier/team. 


Definition  of  Fightability: 

Fightability  encompasses  mobility,  C4ISR  (command,  control,  communicate,  computers, 
intelligence,  surveillance  and  reconnaissance),  lethality,  survivability  and  sustainment. 
Due  to  the  assignment  of  mobility  and  sustainability  to  the  weight  and  power  panels, 
respectively,  our  panel  focused  its  attention  on  C4ISR,  Lethality  and  Survivability. 
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Fightability  Overview 


TODAY 

■C4ISR:  Disconnected 
soldier 
LETHALITY: 
Individual  equipped  as 
stand-alone  killing 
entity 

SURVIVABILITY: 
Enabled  by  body  armoi 


FUTURE 

■C4ISR:  Fully 
connected  soldier 
■LETHALITY: 
Responsive  networked 
fires  from  multiple 
sources 

■SURVIVABILITY: 
Dispersion,  situational 
understanding,  reduced^ 
^exposure 


a 


See  first,  understand  first,  act  first, 
finish  decisively.” 


Fightability  of  the  objective  force  warrior  can  move  from  the  current  level  of  capability 
to  a  lOX  objective  warrior  capability  by  correctly  inserting  technology  into  the  Soldier 
System  -  both  organic  capabilities  and  reach-back  capabilities  to  augment  the  soldier 
team.  The  Fightability  panel  has  identified  a  range  of  technologies  and  a  path  to  achieve 
this  Fightability  objective.  An  integrated,  synergistic  approach  across  the  areas  of 
Mobility,  Sustainability,  Lethality,  Survivability,  and  C4ISR  is  essential  to  achieve 
optimum  capability.  As  noted  earlier,  this  panel  addressed  Lethality,  Survivability,  and 
C4ISR;  the  weight  panel  covered  Mobility  and  the  power  panel  covered  Sustainability. 

The  operational  goal  to  “See  first,  understand  first,  act  first,  finish  decisively”  is  enabled 
by  providing  the  OF  Warrior  assured  wideband  connectivity  at  all  levels  —  intra- squad, 
inter- squad  and  up -echelon.  This  enables  the  delivery  of  the  best  possible  situatbn 
awareness,  and  access  to  reach- back  fires  and  never- too- late  logistics.  The  provision  of 

(a)  increased  sensor  and  weapon  capability  enabled  by  robotics  (UAVs  and  UGVs)  and 

(b)  robust  supporting  fires  with  tunable  lethality  from  squad  organic,  FCS  organic  and 
Joint  reach- back  fires  makes  the  OF  Warrior  many  times  more  lethal  than  the  current 
soldier.  And  survivability  is  enhanced,  not  merely  by  more  or  better  body  armor,  but 
through  new  tactics,  techniques  and  procedures  enabled  by  the  application  of  technology 
-  allowing  greater  dispersion  and  less  exposure  to  enemy  fires. 
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Current  Situation:  The  soldier  of  2001  has  access  only  to  the  sensors  that  he  is  equipped 
with,  typically  weapon  thermal  sights  and  vision  augmentation.  Yet,  already  the 
battlefield  is  becoming  rich  with  sensors  that  are  not  readily  accessed  by  the  soldier.  The 
key  missing  ingredient  for  evolving  from  the  disconnected  soldier  to  the  future 
connected  soldier  is  connectivity  to  C2  and  sensor  access/control;  requiring  the  radio  and 
surrounding  network  infrastructure  to  give  each  soldier  a  common  relevant  operational 
picture,  tailored  to  the  specific  needs  of  the  individual,  team  and  tactical  situation. 

Key  Technologies:  Advanced  sensor  capabilities  such  as  the  ability  to  “see”  through 
walls,  or  sensor- equipped  bullets  from  the  OICW  are  capable  of  being  matured  in  the 
mid  term  (2008).  To  tie  this  information  together  and  share  a  common  operational 
picture,  the  soldier  must  be  equipped  with  an  advanced  multi- mode,  multi-band  radio 
that  establishes  networked  connectivity  when  available,  and  operates  in  a  peer-to-peer 
mode  when  that  suits  the  situation.  To  enable  the  soldier  radio  to  fully  leverage  its 
capacity,  the  components  of  the  PCS,  UAVs,  UGVs,  sensor  platforms,  and  eventually 
EW  platforms  must  be  tied  together  and  made  accessible  to  the  soldier  radio.  The 
surrounding  infrastructure  to  support  “fully  networked  connectivity”  will  be  supplied  by 
deploying  mobile  access  points,  relays  and  routers  on  every  possible  platform.  In 
addition,  information  management  technologies  must  be  embedded  in  the  C4ISR  system 
of  systems  to  manage  the  knowledge -bearing  traffic.  IFFN  (identification,  friend,  foe  or 
neutral)  capability  will  also  be  embedded  as  an  integral  part  of  the  soldier’s  electronic 
suite.  Most  of  these  technologies  could  be  available  in  the  2008  with  some  additional 
investment  in  an  integrated  C4ISR  system  for  the  soldier.  In  the  longer  term,  the  C4ISR 
suite  will  integrate  automated  decision  aids  that  supply  smart  knowledge  filters  to  help 
the  soldier  think  through  the  situation,  and  provide  a  basis  for  decisive  actions  by  the 
soldier  that  are  based  on  collective  knowledge  that  stems  from  well  beyond  the  soldier 
alone. 


The  Future:  The  distillation  of  data  and  information  into  “smart  cues”  for  the  soldier  — 
thru  the  combination  of  sensors,  network,  intelligent  information  management,  and 
cognitive  decision  aids  —  brings  an  order  of  magnitude  increase  in  his  survivability  on 
the  battlefield.  When  the  soldier  C4ISR  is  fully  matured,  the  soldier  will  have  a  sixth 
sense  at  his  disposal.  The  soldier  can  walk  into  a  situation  and  the  radio  system 
automatically  establishes  connectivity  through  the  most  appropriate  means  -  through 
commercial  cellular  towers,  through  the  closest  UGV  mule,  or  through  a  satellite  -  all 
using  the  same  integrated  wearable  electronic  suite.  The  surrounding  sensors  each 
supply  information  that  can  be  added  to  the  personalized  COP  available  on  the  soldier’s 
wearable  system  computer.  The  location  and  disposition  of  the  team,  the  FCS,  and  the 
enemy  is  presented  as  part  of  the  COP.  Verbally  or  through  motbns,  the  soldier 
commands  and  controls  the  information,  actions,  and  battle  decis  ions  under  his  control. 
With  this  sixth  sense  enabled,  the  soldier  can  exercise  situation- dependent  control  of 
assets  ranging  from  EW  or  electronic  deception,  to  lethal  weapons  engagement,  with  a 
minimal  amount  of  wondering  and  guessing. 
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Lethality 


Full  Spectrum,  Overmatching 
Lethality 

*  Distributed,  tunabie  fires 

•  Dominant  overmatch 


Thermobarics 


Microwave 


M--] 

IH- 

ointer  with 
^^ote  Fires” 


Broad  Effects  Options 


Agile  Target  Effects 

•  Impulsive  kill  lasers 

•  Multi-mode  warheads 

•  Nanoparticle  warheads 


Direct-Fi^-Centric  l^ethality 
•Limited  droanic  lethalil 
•Limited  non-lethal  effects 
•Fire  support  latency 


Robotic  Targeting 
and  Attack 
•Flexible  effects 
•Agile  trajectories 
•Reduce  casualties 


Responsive,  Organic, 

&  Joint  Netted  Fires 

’  Mini-NetFires 
Lethal  UAVs  &  LAM 
Joint  reach-back _ ^ 


Time  period  indicated  is  the  eariiest  at  which  a  technology  can  reach  TRL  Level  7,  given  adequate  funding 


Current  Situation:  Dismounted  soldiers  today,  individually  or  in  small  units,  have  direct 
control  only  over  the  weapons  they  carry—  rifles,  grenade  launchers,  machine  guns, 
small  mortars,  etc.  This  adds  up  to  relatively  short  range,  mostly  direct  fire  lethality, 
100%  organic  to  the  soldier  and  squad.  Responses  to  calls  for  support  from  artillery  or 
aircraft  typically  have  a  high  latency,  and  the  requested  heavy  ordnance  can  often  arrive 
too  late  to  hit  the  target  it  was  intended  for.  Non-lethal  weaponry  choices,  such  as  often 
needed  for  use  in  Operations  Other  Than  War  (OOTW),  are  limited  and  less  than 
adequate  in  many  situations. 

Key  Technologies:  Many  improvements  still  can  be  made  to  conventional  infantry 
weapons.  However,  for  major  gains  in  small  unit  lethality  three  areas  must  be  pursued: 

1.  The  most  quickly  realizable  gains  can  be  achieved  with  responsive,  organic,  &  joint 
netted  fires.  Major  improvements  in  soldier  connectivity  are  essential  to  obtaining  this 
capability  (see  C4ISR  recommendations).  The  latency  built  into  the  current  fire  support 
system  must  be  squeezed  out,  and  will  be  with  high-speed  wireless  connectivity. 
Protocols  and  munitions  should  be  developed  for  reach-back  to  a  range  of 
complementary  lethality  effects  from  nonlethal  munitions  to  tunable  directed  energy 
weapons.  Part  of  these,  and  essential  to  their  high  effectiveness,  are  lethal  UAVs  & 
Loitering  Attack  Munitions  designed  for  support  of  small  units  and  dismounted  infantry. 

2.  Technology  will  permit  robotic  weapons  to  be  used  in  support  of  the  objective  force 
warrior.  UAVs  and  UGVs  will  be  common  on  future  battlefields.  Some  of  the  smaller 
machines  will  be  loitering  munitions  to  be  expended  in  a  soldier- directed  attack  on  an 
appropriate  target.  Some  of  the  larger  robots  will  be  specialized  as  RSTA  or  fighting 
robots.  These  will  enormously  increase  unit  effectiveness  and  greatly  reduce  casualties. 
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3.  Agile  Target  Effects  System  (AXES),  a  conceptual  ensemble  of  devices  employing 
various,  unconventional  directed  energy  effects,  promises  to  give  the  dismounted  soldier 
a  robust,  multi- mode  weapon  system  providing  controllable  effects  on  targets  at  tactical 
ranges.  These  will  be  tunable  against  a  variety  of  materiel  and  personnel  targets  and 
include  (1)  pulsed  impulse  lasers,  (2)  multi- mode  warheads,  (3)  nanoparticle  warheads, 
and  (4)  nonlethal  acoustic  devices.  The  main  challenge  for  each  of  these  is 
miniaturization  of  the  technologies  for  dismounted  soldier  use. 

The  Future:  Developments  in  lethality  such  as  tunable  fires,  robotic  RSTA  and 
weapons,  and  agile  target  effects,  in  conjunction  with  low- latency  reach- back,  will  will 
provide  dominant  overmatch. 
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Survivability 
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Sniper  detection 


Time  period  indicated  is  the  earliest  at  which  a  technology  can  reach  TRL  Level  7,  given  adequate  funding 


Today's  dismounted  soldier  is  predominantly  dependent  on  his  own  natural  senses  (eyes, 
ears,  and  smell)  to  avoid  threats  and  survive.  Equipment  such  as  thermal  weapon  sights, 
night  vision  goggles,  etc.  enhance  these  natural  senses  but  still  provide  only  localized 
information.  Ballistic  protection  (against  bullets  or  fragment)  options  are  few,  bulky,  and 
heavy.  Therefore,  it  is  often  not  used  or  is  left  behind  when  speed  and  agility  are 
necessary. 

Technology  enablers: 

Distributed,  network  connected  sensors  such  as  specialized  tools  for  sniper  detection, 
through- wall  sensors,  and  advanced  IFF  techniques  to  detect  the  presence  of  threats  in  a 
crowd  can  significantly  extend  and  enhance  the  future  soldier’s  ability  to  understand  and 
react  to  what  is  happening  in  the  environment.  In  fact,  sensing  technology  will  have 
positive  impacts  not  just  on  survivability,  but  also  improve  mobility  and  lethality  (for 
example,  coupling  sniper  detection  to  a  (semi)automated  counter- sniper  weapon. 

The  next  generation  of  physiological  monitors  will  accurately  analyze  the  soldier's  vital 
signs  and  fluids,  and  identify  the  exact  physiological  state  of  the  individual  soldier  in 
real  time.  If  genetically  engineered  weapons  (the  next  generation  of  chemical  or 
biological  warfare)  proliferate  in  the  future  -  a  distinct  possibility  given  the  advancing 
research  capability  of  many  nations  in  this  area  —  having  the  ability  detect  and  respond 
to  such  threats  will  be  critical. 


Finally,  in  the  far  term,  we  find  that  active  multispectral  signature  management  (whether 
it  be  stealth,  or  decoy  applications),  could  be  integrated  into  the  soldier  ensemble, 
providing  the  same  benefits  to  the  individual  soldier  that  stealth  technology  provides 
larger  platforms. 
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The  future: 

Appropriately  integrated  (through  a  responsive,  dynamic,  adaptive  C4ISR  network),  this 
suite  of  survivability  technologies  will  allow  soldiers  to  leverage  the  full  network  of 
battlefield  sensors,  reaching  what  we  describe  as  a  full  360  deg'ee  digital  shield  around 
themselves. 

A  note  on  body  armor  enhancements:  The  absence  of  advanced  body  armor  on  the 
Summer  Study’s  Top  20  list,  despite  noteworthy  improvements  in  that  area,  is  because 
these  improvements  don’t  solve  or  significantly  ease  the  huge  weight  problem  that 
burdens  today’s  soldier.  If  one  stays  with  armor  as  an  enabler  (as  opposed  to  netted 
capabilities  and  new  TTPs),  the  long-term  solution  could  lie  in  nanomaterials.  The  panel 
is  skeptical  about  jumping  on  this  bandwagon  for  three  reasons:  1)  Correlation  of  high¬ 
speed  ballistic  penetration  phenomena  with  quasi- static  material  tests  has  historically 
been  poor;  2)  Shock  trauma  is  as  important  a  damage  mechanism  as  penetration,  and 
stopping  a  bullet  (especially  with  very  thin  armor)  can  still  result  in  dismemberment  or 
death;  and  3)  scaling  up  to  useful  quantities  of  material  (beyond  a  few  grams)  will  be  a 
non-trivial  pursuit.  The  panel  encourages  continued  investigations  and  scale-up  work  on 
nanomaterials  armor,  at  the  6. 1  and  early  6.2  level. 
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Weight  Panel 

Mission  Statement 

Enhance  the  tactical  capabilities  of  soldiers  hy 
reducing  the  weight  of  carried  loads 


‘^..100  pounds  of  light-weight 
equipment  is  still  100  lbs...” 


Introduction 


The  dilemma  for  the  dismounted  soldier  is  and  always  has  been  carried  weight.  Success 
on  the  battlefield  requires  our  warriors  to  carry  and  have  timely  access  to  an  array  of  items. 
These  items  ensure  his  lethality,  survivability,  and  sustainability.  The  real  issue  becomes  - 
“What  Must  Be  Carried  and  How  Much  Should  It  Weigh”  versus  “What  Can  Be  Readily 
Accessed  and  Therefore  Not  Carried?”  Too  much  carried  weight  compromises  the  success 
of  our  warriors  by  decreasing  mobility  and  increasing  fatigue/injury.  Unfortunately,  in 
recent  times  the  solution  for  this  age-old  dilemma  has  primarily  centered  on  “lightweight 
equipment”,  most  of  which  is  carried  into  battle  by  the  individual  soldier.  The  end  result  is 
a  warrior  who  is  overloaded  with  “lightweight  equipment”.  This  trend  of  carrying 
everything  that  you  could  possibly  need  to  the  fight  is  exacerbated  in  part  by  distrust  in  the 
logistic  system  to  be  responsive. 

Our  objective  in  studying  soldier  carried  weight  was  three  fold: 

Present  the  effects  of  carried  weight  on  soldier’s  performance 

Propose  a  goal  for  carried  weight 

Provide  some  technological  solutions  to  achieve  this  goal. 


In  this  executive  summary  we  will  briefly  discuss  the  latter  two. 
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Weight  Goal 


The  weight  panel  adopted  the  mantra  that  a  50  pound  load  is  the  maximum  that  should  be 
carried  by  a  soldier  for  any  length  of  time.  This  weight  goal  was  based  on  senior  military 
judgement  and  the  soldier’s  physiology. 

As  the  chart  indicates,  individual  soldier  loads  range  from  165  pounds  for  the  lightest 
position  (rifleman)  to  the  205  pounds  for  the  heaviest  position  (anti-tank  specialist).  The 
“do  nothing”  option  on  the  left  of  the  chart  is  how  soldiers  currently  handle  weight  load 
reduction.  While  it  is  a  commander’s  prerogative  (and  always  will  be)  to  dictate  load 
configuration  for  his  soldier’s,  the  mobility  and  physiological  limitations  faced  in  typical 
operations  requires  many  items  to  be  left  behind.  Many  of  these  items  are  critical  to  a  72- 
hour  mission  without  resupply. 

However,  by  offloading  selected  items  onto  a  Robotic  Mule  or  provide  them  by 
unmanned  aerial  vehicles,  an  85  pound  fighting  load  can  be  achieved.  Then  by  using  a 
combination  of  novel  lightweight  material  technologies  and  effective  systems  integration, 
this  can  be  reduced  to  50  pounds  including  full  NBC  and  ballistic  protection. 
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Solutions  to  Soldier  Carried  Weight 

I  •  Robotic  Mule: 

I  -  Improved  All-Terrain  Vehicle 
I  -  Robotic,  semi/fully  autonomous  ground  vehicles 

I  •  Sustainment  by  UAV: 

I  -  Payload-oriented  UAVs  (Powered  parafoil,  VTOL) 

I  -  High  horsepower,  aero  JP8  engine  technologies 

-  Intelligent  resupply  system 

I  •  Lightweight  Integrated  Soldier  System: 

-  System  Technology  Integration 

-  Materials(electro-textiles,  nanotechnology) 

-  Lightweight  composites  (weapon  system,  body  armor) 

•  Water  Purification  &  Generation: 

-  Water  Purification 

'  -  Squad  level  water  generation 


•  Exoskeleton  Assist  Systems 

-  Compact/  efficient  power 

-  Human  motion  actuators  and  controls 

-  Haptic  interfaces  and  human  motion  sensing 


Solutions  to  Soldier  Carried  Weight 

Several  potential  solutions  to  the  weight  problem  are  Offload,  i.e.  get  rid  of  the 
earned  weight  via  some  means  of  auxiliary  carrying  systems  or  never  late 
supply/resupply;  Lighten  those  things  that  must  remain  a  part  of  the  fighting  bad  and 
therefore  cannot  be  offloaded;  and  third  Assist  which  essentially  negates  the  weight 
burden  of  the  dismounted  soldier  fighting  load.  The  Assist  option  offers  the  potential 
for  enhancements  that  neither  of  the  other  options  will  allow.  Through  exoskeleton 
assist  systems,  we  can  further  enhance  a  soldier’s  survivability  and  lethality  by  allowing 
use  of  heavier  armor,  armor  for  the  extremities,  and  carrying  a  heavier,  more  lethal 
weapon. 

Offload  has  two  primary  complementary  candidates.  Robotic  Mule:  The  first  offload 
opportunity  uses  the  technologies  found  in  an  intelligent  ground  vehicles  or  robotic 
mules.  Using  this  approach,  there  is  the  potential  to  lighten  the  individual  soldier  load 
by  a  minimum  of  80  pounds  and  the  squad  by  720  pounds.  Such  a  vehicle  could  also 
carry  additional  items  needed  for  combat  in  urban  environments  such  as  ladders,  special 
munitions  etc.  Also,  it  holds  the  potential  to  help  with  water  ^neration  and  could  serve 
as  a  platform  for  battery  recharging  and  a  communications  relay. 

The  technology  approach  could  start  in  the  near  term  with  improvements  to  manned 
all  terrain  vehicles.  Increases  in  semi- autonomous  mobility  could  be  achieved  by 
accelerating  technologies  being  developed  by  the  Defense  Advanced  Research  Project 
Agency  for  the  Future  Combat  System.  In  the  far  term,  we  would  look  to  a  fully 
autonomous  vehicle  capable  of  traversing  many  types  of  terrain. 
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Sustainment  by  UAV:  Another  opportunity  for  offloading  and  complementary  to  the 
robotic  mule  is  supply/re- supply  via  Unmanned  Aerial  Vehicles  (UAVs).  To  offload  the 
Soldier’s  sustainment  and  approach  loads,  a  “Never  Late”  delivery  mechanism  must  be 
provided  which  anticipates  requirements  and  delivers  required  supplies  (food,  water, 
ammunition,  protective  gear,  batteries,  medical  and  replacement  items)  when  needed.  A 
squad  leader- controlled  UAV  with  significant  payload  capacity  and  loiter  time  could 
provide  the  squad  with  a  direct  delivery  platform  for  resupply,  as  well  as  satisfying  other 
critical  functions  such  as  being  the  squad’s  remote  sensor  platform.  With  the  further 
advancement  of  technologies  being  explored  by  the  Army  and  SOCOM  for  heavy  payload 
UAVs  these  capabilities  could  exist  in  the  mid  term. 

Lighten.  Lightweight  Integrated  Soldier  System:  By  definition,  the  Soldier  System 
includes  everything  worn,  carried,  or  consumed  by  the  soldier.  The  Soldier  System  also 
includes  those  items  of  soldier-carried  equipment  required  to  accomplish  unit  missions. 

For  that  portion  of  the  Soldier  System  that  is  not  appropriate  for  offloading  onto  a  mule  or 
delivered  by  a  UAV,  the  solution  of  lightening  the  system  and  its  components  must  be 
employed.  The  Lightweight  Integrated  Soldier  System  provides  the  opportunity  to  lighten 
the  soldier’s  load  through  advancements  in  technologies  associated  with  multifunctional 
and  lightweight  composite  materials.  In  addition,  reductions  can  be  achieved  through  the 
“smart’  integration  of  these  technologies  into  an  efficient  system.  Our  findings  revealed 
that  with  increased  investments  the  fighting  load  can  be  reduced  by  approximately  30 
pounds  in  the  mid-term. 

Water  Purification  &  Generation:  Water  is  one  of  the  heaviest  and  most  critically 
required  commodities  to  keep  the  worlds  most  potent  weapon,  our  soldiers,  functioning. 
The  most  promising  technologies  in  the  near  term  involve  increasing  the  amount  of  water 
available  from  internal  combustion  engines  and  improving  filtration  technologies.  In  the 
midterm  water  generation  or  extraction  from  the  atmosphere  may  provide  a  partial  or  total 
solution  depending  on  the  humidity  and  the  availability  a  mule  to  carry  the  weight  and 
provide  power. 

Assist.  Exoskeleton  Assist  Systems:  The  Exoskeleton  System  is  a  promising 
emerging  technology  that  will  increase  speed  and  strength  of  the  objective  force  soldier 
and  allow  increased  endurance  under  heavier  loads.  The  program  goals  are  to  develop 
devices  and  machines  that  will  increase  the  speed,  strength  and  endurance  of  the  objective 
force  soldier  engaged  in  combat.  The  Exoskeleton  System  will  lead  to  self-powered, 
controlled  and  wearable  devices  based  on  new  actuation,  power  and  haptic  technology. 

The  technology  challenges  in  building  such  machines  are  formidable.  The  first  challenge 
includes  the  need  to  find  smaller  and  efficient  power  sources  that  can  convert  to  mobility 
movement.  Power  sources  are  being  developed  from  fuel  cells  and  micro  turbines.  The 
complexity  of  fuel  cells  may  not  provide  enough  power.  Conventional  batteries  may  not  be 
the  answer,  hence  the  need  for  micro-turbines. 
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Mission:  Identify,  assess,  and  recommend 
advanced  power  system  technologies  and 
concepts  for  the  soldier  system  of  the  future 


The  power  panel  took  on  the  task  of  identifying,  assessing  and  recommending  advanced 
power  system  technologies  and  concepts  for  the  soldier  system  of  the  future.  Selected 
taskings  from  the  TOR  are  listed  below  and  are  addressed  in  this  effort. 

Map  the  technology  from  the  present  to  the  future  that  would  obtain  the  improvements 
described. 


Include  in  the  technology  roadmap  an  assessment  of  the  current  and  projected  Research 
Development  and  Acquisition  efforts. 

Highlight  those  areas  where  modest  investments  now  may  yield  significant  capabilities 
in  soldier  effectiveness,  weight  reduction,  power  efficiency  and  affordability  of  soldier 
systems. 

Recommend  alternative  science  and  technology  strategies  that  can  provide  the  level  of 
improvements  outlined  above. 

Stratify  the  level  of  cost,  technical  and  schedule  risk  associated  with  each  alternative. 
Address  emerging  technologies  from  academia,  industry  and  other  government  agencies. 

The  figure  depicts  the  logo  developed  by  the  panel.  It  depicts  the  fundamental  physics 
definitions  of  power  and  energy.  It  also  illustrates  the  decomposition  of  the  problem  that 
the  power  panel  used.  This  represents  a  continuum  of  the  interrelated  decomposition 
elements  of  requirements,  logistics,  generation,  management  and  storage.  The  mission 
was  pursued  in  the  context  of  each  of  these  elements. 
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Power  Management 


Opportunities  for  Power  Management 
Power  management  -  use  the  minimum  amount  of  power  oniy 
when  necessary  in  the  most  efficient  manner. 

Power  management  has  shown  -5-10  times  improvement  in 
power  performance  for  similar  systems,  e.g.,  portable  digital 
assistants  and  laptop  computers 
Metric  is  efficiency  of  energy  utilization. 

-  For  soldier  systems,  1  2X  is  easy,  5-1  OX  is  hard. 

Power  must  be  considered  at  the  start  of  the  design  cycle 


Power  Management  affords  the  greatest  payoff  in  the  soldier’s 

power  challenge 


Power  management  affords  the  greatest  payoff  in  the  soldier’s  power  challenge.  That  is, 
the  ability  to  efficiently  manage  energy  utilization  is  achieved  by  incorporating 
adaptable  hardware  and  “smart”  software  in  a  fully  integrated  soldier  system 
architecture. 


The  objective  of  power  management  is  to  use  the  minimum  amount  of  power  only  when 
necessary  in  the  most  efficient  manner.  This  objective  will  require  closely  coordinated 
control  of  all  hardware  and  software  subsystems. 

The  Land  Warrior  and  the  Objective  Force  Warrior  will  demand  increases  in  power 
draws  and  energy  utilization  without  increasing  the  soldier  system  weight.  Power 
management  is  a  critical  enabling  technology  to  achieve  a  2x  increase  in  mission 
duration  by  2004,  and  5-  lOx  by  2008  without  imposing  additional  weight  on  the  soldier. 
This  has  been  achieved  in  similar  commercial  systems,  e.g.,  PDA’s  and  laptop 
computers. 

The  metric  of  power  management  is  efficiency  of  energy  utilization.  For  soldier 
systems,  1st  2x  is  easy,  5-lOx  is  hard.  The  2x  can  be  achieved  by  careful  implementation 
of  software  to  manage  existing  subsystem  (e.g.,  power  on/off  devices),  as  well  as 
through  the  development  by  TRADOC  of  Tactics,  Techniques,  and  Procedures  (TPP), 
which  we  expect  will  consider  energy  conservation  and  signature  management.  The  5-10 
X  improvement  will  come  by  considering  power,  including  its  management,  at  the  start 
of  the  design  cycle. 
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Power  Source  Roadmap 
Hybrid  Power  Source  Progression 

Near-Term  Mid-Term  Far-Term 

TRL^fby2004  TRL^by2008  TRL^>2012 


Disposable/Rechargeable 
Batteries 


pm 

pMai 

ri  I  I 


1100  Disposable 
Batteries  =>  2200  lbs., 
$330,000 


Equals 


Fuel  for 

equivalent  Battery 
Recharges  400  lbs., 
$100 


12  Hour  Mission 


Rechargeable  Batteries 


2x  Power  Management 


Rechargeable  Battery 
•Lithium  Ion 
•Lithium  Ion  Polymer 
•Zinc-air  Hybrid 


With 


Squad  Level  Recharger 
•Fuel  Cell 
•Small  Generator 


24  Hour  Mission 


Hybrid  Power  System 


lOx  Power  Management 


Rechargeable  Battery 


With  Wearable 


Refuelable  Sources 


Fuel  Cells 
Microturbines 
Thermal  Electric 


Or 


Disposable  Sources 


a 


Metal  Air 
Carbon  Air 


72  Hour  Mission 


Achievable  with  additional  investment  and  proper  focus 


The  panel  identified  three  strategies  for  the  power  source  roadmap  recognizing  that 
mission  duration  progresses  from  12  hours  in  the  near-term  to  72  hours  ultimately.  For 
the  near  term,  we  recommend  a  focus  on  the  use  of  rechargeable  batteries  with 
disposable  batteries  employed  in  the  situations  mission  requirements  that  cannot  be  met 
by  rechargeable  batteries.  This  exchanges  400  pounds  of  fuel  for  every  2000  pounds  of 
disposable  batteries,  and  simplifies  logistical  support. 

For  the  mid-term,  the  panel  recommends  high  performance  rechargeable  batteries  and 
squad  level  recharging.  Zinc- air  battery  prototypes  have  been  sent  to  the  TRADOC 
Dismounted  Battle  Laboratory  for  evaluations.  If  these  continue  to  prove  successful 
then  a  wearable  hybrid  based  on  rechargeable  and  zinc-air  batteries  will  meet  the  mid¬ 
term  requirements. 

The  objective  power  system  would  be  a  hybrid  system  consisting  of  a  wearable  package 
of  an  advanced  rechargeable  battery  with  either  a  refuelable  source  or  a  disposable 
source.  At  this  time,  the  most  promising  refuelable  source  is  considered  to  be  the  fuel 
cell.  Micro-turbines  may  evolve  sufficiently  to  support  the  objective  soldier  system  but 
are  considered  more  of  a  “long  shot”.  Wearable  thermal  electric  sources  are  considered 
a  distant  third  option. 

A  hybrid  system  is  necessary  because  high-energy  density  power  technologies  have 
limitations  (e.g.,  the  need  to  “breathe”  and  signature  generation)  in  military  applications. 
Hybridization  with  a  rechargeable  battery  can  overcome  these  limitations. 

Disposable  sources  may  be  the  most  viable  choice  for  wearable  high  energy  density 
recharging  source.  These  include  the  metal  air  and  carbon  air  batteries.  The 
disadvantage  of  disposable  battery  rechargers  is  in  the  logistics  system. 
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Manpower  Study 

How  Do  We  Meet  the  Knowledge,  Skills,  and 
Attribute  Requirements  of  the  Objective  Force? 


WHATS  AVAILABLE 

SUPPLY 

NEW  AND  LEGACY 
SOLDIERS 


1 

MOWLEDG 

Skills 

1 

TTRIBUTE 

w 

Wj 

OBJECTIVE 
FORCE  DEMAND 

NUMBERS  AND  ATTRIBUTES 


How  will  we  ACQUIRE,  ASSIGN,  and  SUSTAIN  soldiers? 


The  conceptual  framework  for  the  study  starts  on  the  right  with  the  demand  side  of  the 
equation.  Demand,  in  terms  of  numbers,  is  strength  requirement  driven.  On  the  other 
hand,  demand  is  driven  not  only  by  the  number  of  jobs  but  also  by  the  types  of  jobs. 
Thus,  at  the  top,  “How  many  are  needed  with  what  KSAs?”  represents  the  desired 
parameters  for  “Knowing  what  we  would  like  to  have”.  This  serves  as  the  basis  for 
recruitment  and  incentive  activities.  Still  moving  counter-clockwise  we  reach  “What 
will  be  available?”  This  question  embraces  a  KSA’s  perspective  as  well  as  a 
demographic  perspective,  i.e.,  our  Objective  Soldier  Supply.  In  this  supply  mix,  we 
must  consider  legacy  soldiers  or  those  which  are  already  on  board,  as  well  as  those 
provided  by  recruitment  efforts.  The  final  step  is  “How  to  best  access  or  acquire  from 
the  supply  pool  to  achieve  best  job  match  or  assignment?”  Also,  to  identify  those  factors 
that  will  motivate  and  provide  a  sense  of  well  being.  The  ability  to  achieve  the  “best  job 
match”  will  reduce  attrition  and  training  costs.  It  will  increase  job  performance  and  job 
satisfaction  Combining  good  job  match  with  well-being  factors  will  also  reduce 
attrition,  enhance  performance,  improve  retention  and  increase  morale.  Having  said  this: 
“Is  there  adequate  Tech  Base  resources  to  produce  valid  tools,  techniques  and 
knowledge  to  answer  the  questions  posed  in  the  schematic?” 

In  summary,  this  is  a  model  for  acquiring,  assigning  and  sustaining  soldiers  for  the 
Objective  Force.  The  model  highlights  the  need  to: 

•  Estimate  the  number  of  soldiers  and  the  attributes  they  must  ha\e  to  meet 
Objective  Force  requirements. 

•  Assess  the  availability  of  civilians  and  the  Legacy  Force  soldiers  having  these 
attributes. 


Evaluate  Army  capability  to  meet  Objective  Force  requirements  with  appropriately 
qualified  soldiers. 
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Results 
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•  Objective  Force  will  require  soldiers  with  different 
Knowledge,  Skills  and  Attributes  due  to  very 
complex  tasks  at  lower  echelons 

•  Present  R&D  does  not  provide  the  foundation  for 
Manpower  &  Personnel 

•  Adequately  funding  and  focusing  Manpower 
and  Personnel  R&D  investment  will  enable 
the  Objective  Force 
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Given  the  nature  of  the  FCS,  it  is  expected  that  different  personnel  knowledge,  skills  and 
attributes  (KSAs)  will  be  needed.  Given  the  very  low  levels  of  R&D  funding  in 
Manpower  &  Personnel,  there  is  no  foundation  for  such  a  force.  Without  an  infusion  of 
R&D  funds  now,  the  Army  will  not  be  ready  for  the  FCS.  The  funding  estimates 
represent  our  expert  judgment  of  what  the  type  of  research  we  suggest  will  cost.  They 
are  probably  accurate  within  10-20%. 

This  R&D  investment  will  enable  accomplishment  of  FCS,  improve  readiness  and 
combat  effectiveness.  We  must  invest  in  people. 
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Conclusion 

Soldier  Life  Cycle  System 


SEPARATE 


SUSTAIN 


$24M 


DEVELOP 


SYSTEM  LIFE  CYCLE 
INTEGRATION  $60M 


$55M 


ASSIGN 


$11M 


DEPLOY 


TRAIN 


TOTAL  COST 
POM  $150M 


10X  Requires  Increased  Investment  in  People 


Regarding  the  personnel  life  cycle  functions,  AR  600-3  (2.16)  specifies  the  three 
functions  our  panel  was  concerned  with  (www.usapa.army.mil).  Consistent  with  what 
the  AR  says,  we  know  that  acquire  primarily  relates  to  recruiting;  assign  matches  faces 
to  the  spaces  in  the  force  structure;  and  sustainment  relates  to  retentions  efforts  like 
quality  of  life  and  well  being.  We  have  adopted  the  Army  ODCSPER’s  Soldier  Life 
Cycle  model  for  focusing  R&D  issues  (ARI  2001  Work  Program).  This  model,  although 
slightly  different  in  terminology  and  function,  is  consistent  with  the  Army  Regulation.  In 
our  graphic,  ACQUIRE  is  consistent  with  Acquisition  in  the  regulation,  ASSIGN  is 
consistent  with  Distribution  in  the  regulation,  and  SUSTAIN  is  consistent  with 
Sustainment  in  the  regulation.  To  Improve  the  Objective  Force  Acquisition/  Recruitment 
Process  you  must  (1)  Create  and  validate  new  selection  measure  ($50M),  (2)  Validate 
skills  required  by  Objective  Force,  (3)  Leader  tasks  vs.  soldier  tasks,  (4)  Test  youth 
population  on  very  complex  tasks,  (5)  Revise  and  validate  ASVAB,  (6)  Develop 
performance  assessment  measures  (e.g.,  SQT/ARTEP),  and  (7)  Determine  the  cultural 
characteristics  of  Latinos  that  would  improve  ACQUIRE/ASSIGN  process  ($5M). 
Possible  action  agency  for  studies  is  ARI.  A  POM  increase  =  $55M  for  ACQUIRE 
R&D. 

To  Improve  the  Assignment  Process  you  must  (1)  Match  Knowledge,  Skills  and 
Attributes  of  available  Objective  Force  soldiers  to  available  Objective  Force  jobs,  (2) 
Use  new  assignment  process  with  existing  ASVAB  ($10M),  and  (3)  Use  new  assignment 
process  with  revised  ASVAB,  e.g.,  simulation  ($1M).  Again  a  possible  action  agency  is 
ARI.  POM  increase  =  $1 IM  for  ASSIGN  R&D. 

To  Improve  the  Sustainment/Retention  Process  you  must  (1)  Validate  cost- 
effectiveness  for  alternative  well-being  factors  ($15M),  (2)  Determine  how  educational 
opportunities  provided  by  the  Army  impact  the  skill  level,  commitment,  and  attrition  of 
the  force,  (3)  Validate  motivation  measures  for  distance  learning  ($5M),  (4)  Establish 
factors  needed  to  trust  in  robots/  automation  ($3M),  and  (5)  Examine  how  the  changing 
ethnic  and  gender  composition  impacts  outcomes  important  to  the  Army  (e.g.,  cohesion, 
cultural  tolerance,  attrition)  (IM).  Possible^^^tion  agency  ARI.  POM  increase  =  $24M 
for  SUSTAIN  R&D 


To  Improve  Total  Soldier 
Life- Cycle  for  Objective  Force 

Develop  trade-off  models:  Selection  (recruit  smarter  people)  vs.  Training  (train  to  be 
smarter)  vs.  Human  Factors  (design  simpler  interfaces)  vs.  Medical  (develop  a  smart 
pill)  ($10M) 

Possible  action  agency  ARI 

Develop  virtual,  distributed,  man- in- loop  simulations  for  ACQUIRE,  ASSIGN,  and 
SUSTAIN  functions  ($25M) 

Possible  action  agency  STRICOM 
Develop/refine  “system  of  systems”  MANPRINT  tools  ($20M) 

Possible  action  agency  Human  Research  and  Engineering  Directorate,  AMC 
Develop  manpower  and  personnel  scorecard  ($5M) 

Possible  action  agency  ARI 

POM  increase  =  $60M  for  TOTAL  LIFE  CYCLE  R&D 
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Immediate  Actions 
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Continue  to  recruit  persons  who  attend  coiiege 
but  who  wiii  not  graduate 


Make  MANPRINT  factors  mandatory  for 
evaiuation  in  Objective  Force  acquisition 

-  Rand  Study 


Continue  to  foster  cooperative  agreements 
between  AMC  and  ODCSPER 

Impact  is  immediate. 
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1  Personal  communication,  Martin  Orland,  email.  3/30/01 

2  Currently,  MANPRINT  is  an  optional  program.  It  should  be  made  mandatory  with 
resources  added  to  accomplish  policy  and  oversight.  RAND  briefing  3  April  01. 

3  AMC  and  DCSPER  or  HR/Personnel  Mission  Area  do  not  have  cooperative  agreements 
to  support  the  personnel  info  technology  R&D,  modernization,  or  recapitalization.  This  is 
a  void  in  AMCs  Army  support  structure.  The  Personnel  community  (Guard,  Reserve,  and 
Active)  gets  minimal  benefit  from  AMC  wide  software  management  efforts.  AMC  has 
programs  to  support  the  Commander,  S2-G2,  S3-G3,  S4-G4,  Fire  Support  (FA  and  Air 
Defense),  all  maneuver,  and  most  classes  of  supply  (repair  parts,  ammo,  fuel,  etc).  There 
is  no  AMC  program  to  benefit  the  Sl-Gl.  Given  transformation,  it  is  time  to  fix  this 
condition. 
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Grand  Operational  Challenges 
to  Achieve  the  Goals 
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•  See  First 

-  Micro  &  Mini  UGVs  &  UAVs 

-  Mine/Booby  Trap  Sensing 

-  Through-Wali  Sensing 

-  Sniper  Detection 

•  Understand  First 

-  Soldier  C4ISR  Connectivity 

-  Decision  Aids 

-  identification  Friend/Foe/Neutrai 
(iFFN) 

•  Act  First 

-  Responsive  Organic  &  Joint 
Netted  Fires 

-  Exoskeieton  Assist  Systems 

-  Robotic  Mule 

-  Sustainment  by  UAV 


Finish  Decisiveiy 

-  Signature  Management 

-  Robotic  Targeting  &  Attack 

-  Agiie  Target  Effects 

-  Physioiogicai  Monitoring 

Endure 

-  Power  Management 

-  Rechargeable  Energy  Systems 

-  Wearable  Fuel  Cells 

-  Lightweight  integrated  Soidier 
System 

-  Water  Purification  &  Generation 

People 

-  Acquisition 

-  Assignment 

-  Sustainment 

-  Soldier  Life -Cycle 


System  Integration  is  key  to  making  it  work. 

Hanging  tough  on  ensemble  is  essential  to  synergy  gains! 
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Grand  Challenges  are  those  key  activities  that  have  identified  that,  if  undertaken,  will 
have  a  significant  impact  upon  the  soldier  effectiveness.  In  a  sense,  these  are  “must-do” 
activities  necessary  to  achieve  the  lOX  soldier. 


Challenges  were  grouped  into  “functional”  packages  or  modules.  We  utilized  six 
functional  modules  as  indicated  above  using  the  key  technology  inputs  we  have  from  the 
Fightability,  Power,  and  Weight  Panels. 


Under  each  functional  package,  those  key  capabilities/technologies  that  the  Army  needs 
to  focus  on  were  identified.  Again,  these  were  created  in  a  “bottoms -up”  approach. 

This  chart  would  be  the  basis  for  a  single  take-away  chart  for  the  CSA  on  what  the  ASB 
says  the  Army  should  do  to  cause  significant  improvements  in  the  soldier  system. 
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These  next  two  charts  summarize  the  results  of  the  Military  Utility,  Technology 
Maturity,  and  S&T  Cost  assessments  for  the  24  enabling  technologies.  This  chart 
contains  the  first  three  “Quality  of  First”  areas. 

The  military  utility  of  each  Major  Enabler  was  determined  by  evaluating  its  utility  to 
support  the  different  “ilities”  and  is  indicated  by  a  5  point  scale  that  ranges  from  — 
(significant  negative  impact)  through  ++  (significant  positive  impact).  This  evaluation 
was  conducted  by  members  of  the  Study  Panel  which  included  retired  senior 
General/Flag  Officers. 

The  technology  maturity  of  each  Major  Enabler  to  enter  System  Design  and 
Development  (SDD)  was  evaluated  for  the  near-term  (TRL  7  by  2004),  mid-term  (TRL 
7  by  2008),  and  far-term  (TRL  7  after  2008).  A  green  box  indicates  that  the  Major 
Enabler  can  reach  TRL  7  in  the  specified  timeframe  with  a  continuation  of  the  funding 
allocated  in  the  FY  01  -  05  POM.  A  red  box  indicates  that  the  Major  Enabler  cannot 
reach  TRL  7  in  the  specified  timeframe  regardless  of  the  money  invested.  A  cross- 
hatched  box  indicates  that  the  Major  Enabler  can  reach  TRL  7  in  the  specified  timeframe 
with  additional  funding  being  added  to  the  FY  01-05  POM.  The  cross-hatched  areas 
represent  technology  opportunities  where  enhanced  capabilities  can  be  provided  for  the 
soldier  system  with  additional  S&T  investments. 

A  cost  assessment  was  conducted  for  each  technology  opportunity  (cross-hatched  box) 
to  provide  a  rough  estimate  of  the  increase  to  the  FY  02-07  POM  (from  the  FY  01-05 
POM)  necessary  to  accelerate  the  maturity  of  the  Major  Enabler  to  TRL  7  in  the 
specified  timeframe. 
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This  chart  summarizes  the  results  of  the  Military  Utility,  Technology  Maturity,  and  S&T 
Cost  assessments  for  the  final  three  “Quality  of  First”  areas. 

Additional  information  relating  to  the  People  Major  Enablers  is  available  in  the  Army 
Science  Board  Special  Study  entitled  “Manpower  and  Personnel  for  Soldier  Systems  in 
the  Objective  Force”  dated  June  2001  (Ed.  Note:  awaiting  PAO  approval  for  Open 
Distribution  on  8-23-2001). 
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Near  Term  Recommendations 
Land  Warrior  Upgrades 

(TRL7  by  2004  -  FUE  by  2008) 

People 


Rechargeable/ 

Disposable 

Batteries 


Sniper  Detection 
(Limited) 


Robotic  Mules 
(Close  Follower) 


Water 

Purification 


IFFN 

(ID  Friends) 


Mini  UAVs 
(Over  the  Hill) 


Soldier  Centric 


If  the  recommendations  for  S&T  funding  increases  are  realized  and  development  is 
performed  with  the  same  innovative  approaches  as  the  current  Land  Warrior  program, 
the  fielding  of  new  capabilities  which  can  dramatically  improve  Land  Warriors’ 
battlefield  performance  can  begin  as  early  as  2008,  allowing  for  a  more  “soldier  centric” 
focus. 


For  the  first  time  in  the  history  of  land  warfare,  mini-UAVs  could  allow  soldiers  to  see 
what  is  “over  the  next  hill”,  in  alleys  and  behind  buildings,  giving  them  an 
unprecedented  tactical  advantage.  They  could  also  have  technology  that  gives  them  a 
modest  increase  in  their  ability  to  detect  snipers  -  a  capability  that  will  continue  to 
improve  over  time.  Significant  improvements  in  soldier  sustainment  and  support  can 
also  be  realized.  A  robotic  mule  can  emerge,  which  will  have  limited  autonomy  but  can 
assume  a  major  role  in  load-carrying.  Water  supply  can  also  become  less  of  a  logistics 
issue  with  new  water  purification  technology  emerging.  The  soldier  can  have  fresh 
water  on  demand  under  most  operating  conditions.  Finally,  rechargeable  and/or 
disposable  batteries  can  add  to  reductions  in  logistical  burdens  as  well  as  lower 
sustainment  and  training  costs. 
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Mid  Term  Recommendations 
Objective  Force  Warrior 

(TRL7  bv  2008-  FUE  by  2012) 


Agile  Target 
Effects 


Micro  UAVs 
&UGVS 


Sniper 

Detection 


Power 

Management 

(Selective) 

Lightweight  Integrated 
Soldier  System 


Robotic^Ta^geting 
(Human  in  the  Loop) 


Signature 
Management 
(Limited  spectrum) 


Rechargeable 


rge 

Energy  Systems 


Through  Wall 
Sensing 
(Proximity) 


Soldier  C4ISR 
Connectivity 

Robotic  Mules 
(Semi-Autonomous) 

Responsive  Joint 
Netted  Fires 


Water  Purification 
&  Generation 


Physiological 

Monitoring 

Mine/Booby  Trap 
Sensing 


Sustainment 
By  UAV 


IFFN 

Foe/Neutral) 


Collaborative 


The  mid-term  technologies  that  could  be  fielded  starting  in  2012  will  truly  revolutionize 
the  way  dismounted  Objective  Force  Warriors  (OFW)  fight,  and,  even  more 
significantly,  increase  their  chances  of  survival  through  the  collaborative  advantages  of 
multiple  technologies. 

The  Objective  Force  Warriors  can  be  equipped  with  a  light-weight,  fully  integrated 
Soldier  System  that  will  provide  protection  from  the  elements,  as  well  as  ballistic  and 
Chemical/Biological  agent  protection.  Commanders  and  medics  can  track  the  OFWs’ 
ongoing  physiological  status  with  casualty  information  accessible  remotely.  Survival 
rates  can  also  be  significantly  enhanced  with  the  maturation  of  limited- spectrum, 
signature-  management  technologies. 

The  ability  to  “see  first”  can  be  realized  by  large  increases  in  C4ISR  connectivity  and 
additional  sensor  capabilities  on  both  micro-  and  mini-UAVs/UGVs.  Combat  ID  can  be 
extended  to  foes  and  neutrals.  “Acting  first”  can  now  be  a  function  of  responsive  joint 
netted- fires,  agile  (lethal  and  non- lethal)  target  effects,  and  robotic  targeting  and  attack. 
Enhanced  mine-  and  booby-trap  sensing  can  also  be  added  to  the  list  of  operational 
capabilities. 

For  complex  terrain  operations,  the  OFWs  can  have  limited  see- through- walls 
capabilities  and  much  more  sophisticated  sniper  detection  capabilities.  Sustainment 
enhancements  could  include  rechargeable  energy  systems,  water  generation,  and  robotic 
mules  that  can  be  semi- autonomous. 
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Robotic  Targeting 
&  Attack 

(Human  Oversight) 


Far  Term  Recommendations 
Objective  Force  Warrior  Upgrade 

(TRL7  after  2008  -  FUE  after  2012) 


Agile  Target 
Effects 
(Organic) 


Through-Wali 

Sensing 

(Remote) 


Decisive  Overmatch 


Signature  Assist  Systems 
Management 
(Multi-Spectrum) 


Wearabie 
Fuei  Cells 


Responsive  Organic  & 
Joint  Netted  Fires 


Power  Management 
(Robust) 


Exoskeleton 


Decision  Aids 
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Far-term  upgrades  to  the  Objective  Force  Warrior  can  be  realized  after  2012.  The 
recommended  investments  are  expected  to  yield  leap- ahead  technologies  that  can 
increase  the  Army’s  ability  to  maintain  its  current  overmatch  abilities. 

Agile  target  effects  organic  to  small  units  can  be  a  reality,  as  can  responsive  organic  and 
joint  netted  fires.  Robotic  targeting  and  attack  can  be  greatly  improved  as  human 
oversight  is  now  possible. 

The  OFWs  can  have  advanced  decision  aids,  as  well  as  the  ability  to  see  through  walls 
from  remote  locations.  The  multi- spectral  signature  management  capabilities  that  can 
be  provided  in  the  far  term  can  continue  to  increase  survivability  statistics. 

Continued  sustainment  advances  can  be  expected  in  the  far- term.  Robust  power 
management,  wearable  fuel  cells,  and  exoskeleton  assist  systems  are  among  the 
possibilities. 
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Systems  Approach  Essential 

Use  integrated  system  architecture 

-  Software  and  electronics  architecture 

-  Power  architecture 

-  Physical  architecture 

Employ  systems  engineering  methodology 

-  Integrate  flow-down  of  top-level  soldier  system  requirements 
to  functions 

-  Trade  performance,  power,  weight  to  meet  mission 
requirements  -  manage  cost 

-  System  integration  laboratory:  off-soldier  environment  for 
design  optimization  and  rapid  prototyping 

Chief  Engineer  with  overall  system  design 

responsibility 


This  methodology  is  associated  with 
every  successful  major  program 


Today  the  phrase  "soldier  system"  is  a  misnomer  —  the  soldier’s  systems  are  designed 
and  developed  as  a  series  of  programmatic  and  technical  stovepipes.  There  is  no  overall 
systems  architect  who  resolves  the  performance,  weight,  power,  and  sustainability 
objectives  for  the  warrior. 


The  key  technology  is  a  top  level  systems  engineering  approach  to  the  soldier  system. 
The  individual  functional  requirements  must  be  integrated  and  an  architecture  that  takes 
advantage  of  the  synergies  to  eliminate  the  redundancy  of  communications,  power, 
sensors,  physical  packaging,  etc.  Once  the  functional  requirements  have  been 
rationalized  through  simulation,  modeling  and  technical  trades-offs,  the  top-down 
allocation  of  weight,  space,  power,  and  cost  can  be  assigned  to  the  subsystems  and 
components  through  a  series  of  individual,  yet  integrated,  interface  control  documents. 


A  Chief  Engineer  with  overall  system  design  responsibility  should  be  established  to 
effect  the  requisite  systems  engineering.  The  Chief  Engineer  must  be  empowered  to 
ensure  that  the  requisite  trades  are  carried  out  and  that  the  resulting  system  design  is 
technically  feasible,  affordable  and  manufacturable. 
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|PM  Land  Warrior  Funding  thru  FY  2012 

An  example  of  the  Soldier  System  funding  challenge 
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Program 

POM/EPA 

Unfunded 

RDTE 

$0.3B 

$0.1  B 

$0.2B 

Procurement 

$2.0B 

$0.9B 

$1.1B 

Operations  & 
Maintenance 

$1.0B 

$0.1  B  (est.) 

$0.9B 

Totai 

$3.3B 

$1.1  B 

$2.2B 

Y 


Notes:  Does  not  include  Objective  Individual  Combat  Weapon  (OICW) 
EPA  =  Extended  Planning  Annex 
Source:  PM  Soldier  Estimates 


2001 
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The  Soldier  System  we  evaluated  is  a  system  of  systems  evolving  through  a  spiral 
development  strategy.  The  back  bone  of  the  system  is  the  Land  Warrior  System  and  is 
complemented  by  an  emerging  Science  and  Technology  (S&T)  program  which  could 
lead  to  a  revolutionary  new,  integrated  system  or  a  very  robust  evolutionary  spiral 
development  of  the  Land  Warrior  system. 

The  baseline  Land  Warrior  transitions  through  its  lifecycle  with  significant  capabilities 
and  enhancements  projected.  These  will  not  only  improve  the  total  lethality  of  the 
soldier  and  combat  team,  but  also  significantly  improve  soldier  survivability.  On  a 
parallel  course  S&T  developments  will  progress  and  either  be  inserted  as  applicable  into 
Land  Warrior  or  held  for  integration  into  the  penultimate  combat  soldier  system,  the 
Objective  Force  Warrior.  Beyond  FY2004,  there  is  little  RDTE  funding  programmed  for 
the  Land  Warrior  system.  The  little  RDT&E  funding  there  is  will  be  in  support  of  pre¬ 
planned  product  improvement  and  software  evolution  with  minimal  assets  to  enable 
capitalization  of  new  technologies. 

A  closer  look  at  the  current  Army  Land  Warrior  (LW)  program  through  FY  2012 
illustrates  the  funding  challenges  facing  this  and  most  Army  programs.  During  this 
period,  development  and  fielding  is  evolutionary  and  not  driven  or  dependent  on  new, 
revolutionary  technology.  Land  Warrior  is  not  a  huge  program  when  compared  to  a 
major  weapons  system.  Notwithstanding  the  significant  incremental  increase  in  fighting 
capability  and  survivability  of  the  soldier,  which  truly  transforms  the  individual  soldier 
from  a  grunt  with  a  rifle  to  an  integrated  combat  system  with  capabilities  on  par  with 
weapons  systems,  the  LW  system  funding  is  constrained  after  competing  with  other 
major  systems.  Through  2012  only  33%  of  the  funding  anticipated  for  the  program  is 
programmed.  This  does  not  include  additional  costs  for  the  OICW  which  is  the  center 
piece  of  the  lethality  component  for  the  total  system.  Consequently,  a  combination  of 
reductions  in  life  cycle  costs  and  programmatic  tradeoffs  will  have  to  be  addressed,  not 
unlike  most  other  Army  programs. 
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Indications  are  that  reprioritization  of  the  Army  S&T  budget  will  provide  a  viable 
objective  force  soldier  system  S&T  program 

There  are  some  funds  available  in  the  overall  objective  force  budget,  but  these  will  be 
diluted  in  providing  the  technological  enhancements  necessary  for  the  overall  objective 
force  structure,  which  includes  Future  Combat  Systems  and  Objective  Force  Warrior. 
Without  management  attention,  it  is  anticipated  that  competition  between  programs 
could  preclude  timely  integration  of  critical  technologies  into  either  Land  Warrior  or 
into  the  fledgling  Objective  Force  Warrior  system. 
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jl  Four  Approaches  to  Affordability 

•  Exploiting  potential  synergisms  in  PCS 

-  Commonality  in  technologies 

-  Balanced  force  structure 

•  Lowering  Sustainment  costs: 

-  Improve  Mean  Time  Between  Failure  (MTBF)  and  Mean 
Time  Between  Replacement  (MTBR) 

-  Maximize  use  of  rechargeable  batteries 

•  Managing  affordability  and  cost  control 

•  Exploiting  C4ISR  to  bring  about  a  revolution  in  Army 
structure 

Lack  of  Affordability  -  leading  Cause  of  Failure  to  Field 


As  stated  earlier,  a  System  of  Systems  approach  needs  to  be  brought  to  this  effort.  This 
can  be  done  through  the  establishment  of  a  Super  Program  Manager  for  all  elements 
within  the  Soldier  System  or  by  placing  all  the  various  elements  within  a  single  Program 
Executive  Office  for  control  and  integration.  Within  this  responsible  entity,  there  needs 
to  be  a  Chief  Systems  Engineer  with  responsibility  for  technical  integration  across  the 
System.  Additionally,  this  provides  a  single  voice  to  Objective  Eorce  and  ECS 
Overarching  Integrated  Process  Teams.  The  Chief  Systems  Engineer’s  responsibilities 
would  include  oversight  of  an  aggressive  Cost  As  an  Independent  Variable  (CAIV) 
Program  for  both  Acquisition  and  Sustainment  that  would  look  across  the  Soldier 
System  to  optimize  both  funding  and  requirements.  All  future  requirements  and  upgrade 
solutions  must  then  buy  their  way  into  the  Soldier  System.  They  must  assess  the 
performance  parameter  they  are  trying  to  meet  with  the  cost  of  meeting  that  requirement. 
Looking  at  the  cost  drivers  across  the  program  in  both  Acquisition  and  Sustainment  we 
found  that  many  of  the  significant  cost  drivers  were  outside  of  the  PM’s  control.  Yet 
these  same  areas  are  critical  cost  drivers  as  well  as  key  portions  of  the  functionality.  This 
fragmentation  is  further  compounded  by  the  inability  of  the  PM  to  consolidate  and 
standardize  key  functionality  and  achieve  reductions  through  integration  as  well  as  cost 
trade-off.  CAIV  is  currently  applied  to  only  pieces  of  the  over  all  Soldier  System.  This 
would  be  unacceptable  in  the  commercial  environment.  The  Chief  Systems  Engineer 
would  ensure  total  Soldier  System  Configuration  Management  and  a  single  synchronized 
Science  and  Technology  program  that  assures  the  Soldier  System  is  fielding  in  lock  step 
with  the  overall  needs  of  the  ECS  Force. 

Synergism  between  Soldier  System  and  the  Future  Combat  System  offer  extensive 
potential  for  sharing  technology  development  costs.  Illustrative  of  this  would  be 
experimentation  with  robotic  vehicles  which  will  generate  capabilities  for  extrapolation 
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directly  into  the  Objective  Soldier  requirements.  Future  enhancements  and  technologies 
in  night  vision  and  situational  awareness,  while  coming  from  the  FCS  project,  can  result 
in  fieldable  systems  to  be  inserted  into  Objective  Warrior. 

As  new  C4ISR  technologies  emerge,  they  can  have  a  profound  impact  on  not  only  the 
overall  capability  of  Land  and  Objective  Warrior,  but  can  have  tangential  impact  on  total 
force  structure.  For  example,  enhanced  logistics  delivery  systems  will  facilitate 
downsizing  of  the  supply  tail  in  the  field,  similarly  improving  Mean  Time  Between 
Replacement  (MTBR)/Mean  Time  Between  Failure  (MTBF)  can  directly  correlate  to 
reducing  the  size  of  the  organic  maintenance  support  at  the  tactical  level,  this  will  also 
enable  reduction  in  the  amount  of  spares  (ASL  /  PLL)  which  much  be  moved  with  the 
tactical  force. 

The  Bottom  line  is  reflected  here:  Lack  of  Affordability  is  the  leading  Cause  of  Failure 
to  Field  and  unfielded  systems  do  not  improve  combat  effectiveness. 
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Mission  Accomplished: 

We  met  the  Challenge 

TOR  Item  Response 


Characterize  improvements 
required 

Evaiuate  connectivity  PCS  to 
Objective  Force  Soidier 


Assess  RDA  efforts  -  focus  on: 
-Effectiveness 
-Weight 
-Power 
-Affordability 


Specific  goais  have  been  identified 


There  is  no  assured  connectivity  between  PCS 
and  soldier 

C4I  solutions  are  criticai  to  the  10X 
improvement 

ATD  recommended 

Expanded  on  iRT  effort  with  focus  on: 

-  Quantification  of  effectiveness  gains  thru 
muitipie  anaiyticai  approaches 

-  Bottoms  up  &  top  down  approach  to  weight 

-  Integrated  power  management  system 

-  Pareto  analysis  of  top  cost  drivers 
w/associated  recommendations 


Recommend  S&T  strategies 


Top  effectiveness  gains  have  been  identified 
Recommended  roadmaps  prepared 
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A  brief  recap  of  the  items  in  the  Terms  of  Reference  is  shown  in  the  left  column.  On  the 
right  side  is  the  ASB  response. 

With  respect  to  the  required  improvements,  recall  there  were  a  series  of  goals  that  were 
specified  which  spanned  lethality,  survivability,  C4ISR,  mobility,  sustainment  and 
affordability.  The  goals  had  specific  time  frames  and  improvemeits  by  each  of  the 
categories  just  mentioned. 

With  respect  to  connectivity  of  PCS  to  the  Objective  Force  Soldier,  it  was  determined 
that  connectivity  cannot  be  assured.  Further,  connectivity  is  critical  to  achieving  the 
vision  of  a  lOX  soldier.  Ways  to  achieve  assured  connectivity  were  outlined  in  the 
report.  This  is  considered  a  critical  item  for  the  Army  Leadership ‘s  attention.  An 
Advanced  Technology  Demonstration  which  involved  high  bandwidth  and  UAV  relay  is 
considered  a  logical  near  term  step  toward  achieving  assured  connectivity. 

An  assessment  of  RDA  efforts  was  conducted  with  focus  on  the  challenges  of 
fightability,  weight,  power,  and  affordability.  This  assessment  involved  multiple 
analytical  approaches,  culminating  with  a  ‘ility’  factor  assessment  designed  to  yield  a 
balanced  set  of  recommended  technologies.  With  respect  to  fightability,  the  analytical 
results  to  date  suggest  that  an  order  of  magnitude  increase  in  effectiveness  is  achievable 
through  application  of  advanced  technologies  and  collaboration  with  FCS  elements. 
Weight  goals  are  achievable  through  a  combination  of  off-loading  applying  a  systems 
approach  and  application  of  advanced  technology.  Similarly,  a  s}«tems  approach  is 
required  to  achieve  desired  power  goals.  In  addition,  cost  drivers  were  identified  and 
recommendations  were  given  to  make  achievement  of  the  lOX  soldier  more  affordable. 

Finally,  a  series  of  technology  roadmaps  were  prepared  together  with  (preliminary) 
recommended  investment  increments. 
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The  Next  Step  -  Tying  It  All  Together 

(a  possible  approach) 


SoS  Engineer  (System  Architecture...  Lethality.  Survivability.  C4ISR.  Mobility.  Sustainment.  Affordability)^ 


Continued  Refinement  of  O&O 

UAV/UGV 

“Assured  Comm  Router 

Connectivity’ 

ATD  Advanced  Radio 


^Technology  Insertion  (Tl) 


Multiple 

“Soldier  UGVs 
Robotic  — — 

Multiple 

ATD  ^  Demd 

UAVs^ - ODemo 

“Find  the 
Enemy  First 
ATD 

“Better 
Decisions” 

Research 
Program 

“Better 
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For  EMD 


Model  &  Data 
Base  Improvement 
FY 


Training 
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10X  Soldier  ATD  Phase 

Integration 

10X  Soldier  ACTD  Phase 

Phase 

There  are  multiple  ways  to  structure  a  comprehensive  program  to  achieve  the  lOX 
soldier.  Key  elements  of  such  a  program  are  shown  above. 


First,  and  perhaps  most  important,  an  overarching  System  of  System  (SoS)  chief 
engineer  is  considered  critical  to  achieving  a  system  that  works  and  meets  the  combined 
challenges  of  fightability,  weight,  power,  and  affordability.  Likewise,  this  engineer 
needs  to  work  closely  with  those  charged  with  developing  the  Ops  Concept  for  the  FCS 
and  the  Objective  Force  Soldier  to  ensure  compatibility. 


Next,  a  series  of  ATD’s  designed  to  further  the  technologies  associated  with:  assured 
connectivity;  use  of  robotic  devices;  sensor  systems  to  enable  finding  the  enemy  first; 
making  better  decisions;  and  improving  modeling  and  data  associated  with  dismounted 
combat.  Experiments  should  be  conducted  in  conjunction  with  each  of  these  ATD’s  and 
technology  inserted,  as  appropriate.  This  phase  would  be  labeled  the  ’  lOX  Soldier  ATD 
Phase’ . 


A  logical  next  step  would  be  to  integrate  across  the  above  ATD’s.  Experimentation 
would  be  key,  coupled  with  a  ‘fix’  time  period  in  order  to  improve  on  the  various 
designs,  insert  technology,  etc.  Also,  simulation  would  play  a  key  role  in  the  process. 


After  the  connectivity  and  interoperability  issues  had  been  solved  across  the  ATD’s,  then 
a  demonstration  of  the  objective  force  soldier  should  be  considered.  Then,  given  an 
enhancement  period,  perhaps  an  Advanced  Warfighter  Experiment  which  could  include 
elements  of  the  ECS  system  of  systems. 


GEN  (Ret)  Downing’s  Observations 

People--  always  the  key;  Army  very  good  at  creating  high  performing 
units  w/  diverse  people;  equip  with  the  best  technology  available 

-  Consider  SOF  tools  for  assessment  &  selection,  training,  retaini  ng 

-  Technological  advances  warrant  a  fresh  look  at  leader/led  ratios 
and  span  of  control 

The  dismounted  warrior  is  grossly  overloaded — and,  the  Army 
appears  to  accept  those  loads.  Needed: 

-  A  Logistic  system  that  works  and  is  trusted  by  leaders  and 
soldiers 

-  Command  discipline  and  control 

-  Lighter  weapons,  ammunition,  equipment,  and  body  armor 

-  Centralized  Management  of  Soldier  Systems 

Need  to  be  prepared  for  urban  combat--  cannot  pick  your  battlefield 
Training  -  the  “glue”  that  holds  the  unit  together  in  peace  and  war 

-  Embed  technology  In  all  our  new  systems  on  fielding 

-  No  substitute  for  realistic,  hands-on  in  the  environment 
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This  slide  is  a  synopsis  of  GEN(R)  Downing’s  Senior  Officer  Observations.  These  are 
self-explanatory. 
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GEN  (Ret)  Downing’s  Observations 
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The  dismounted  warrior  has  an  enduring  role  in  future 
miiitary  operations 

-  D-T-L-O-M-S  wiii  mandate  changes 

-  The  Army  wili  take  and  hoid  ‘dirt’;  controi  people  and 
critical  resources 

-  Close  combat  will  always  be  a  possibility 

-  S&T  cannot  create  a  risk  free  environment 
The  ASB  technologies  are  affordabie 

-  Identify  and  manage  the  cost  drivers 

-  Share  PCS  technology  development 

-  Appoint  a  single  manager  for  Soldier  Systems 

-  Look  for  economies  in  the  totai  Army  structure 
especiaiiy  HQs  and  TDA  units 

-  Continue  to  work  Congressionai  and  industry  sponsors 


2001 
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•  Key  Message  #1  -  Analysis  indicates  the  vision  of  1 0X  gain  in 
effectiveness  can  be  achieved  oniy  by  quaiitative  advances  in  each  of 
6  synergistic  dimensions 

•  Key  Message  #2  -  We  have  identified  “Top”  programs  which 
collectiveiy  will  produce  the  required  qualitative  improvements  in  the 
6  dimensions 

•  Key  Message  #3  -  We  have  provided  a  sampie  roadmap  for  producing 
the  required  quaiitative  improvements  with  the  identified  technologies 


Recommendation:  Let’s  Get  On  With  It! 


The  three  most  important  messages  of  the  study  are  indicated  above. 


The  bottom  line  is  that  our  country  has  a  critical  need  for  a  Soldier/  Marine  Team  that 
can  be  deployed  in  time  of  crisis  and  can  accomplish  the  assigned  mission  with  minimal 
casualties.  If  a  systems  approach  were  taken  which  was  oriented  toward  qualitative 
advances  in  the  six  synergistic  dimensions  shown,  then  the  vision  of  a  10  X  soldier  can 
be  achieved. 


The  ‘Top’  programs  which  were  identified  will,  collectively,  produce  the  desired  gains. 
The  roadmaps  which  were  provided  will  point  a  programatic  way  to  implement  these 
technical  advances. 


Finally,  it  is  our  belief  that  the  time  is  now  to  implement  the  recommendations. 
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APPENDIX  A 


TERMS  OF  REFERENCE 


A-1 


DEPARTMENT  OF  THE  ARMY 

OFFICE  OF  THE  ASSISTANT  SECRETARY  OF  THE  ARMY 
ACQUISITION  LOGISTICS  AND  TECHNOLOGY 
103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

December  28,  2000 


Mr.  Michael  Bayer 

Chairman,  Army  Science  Board 

2511  Jefferson  Davis  Highway,  Suite  11500 

Arlington,  Virginia  22202 

Dear  Mr.  Bayer: 

I  request  that  the  Army  Science  Board  (ASB)  conduct  a  study  on  “Objective 
Force  Soldier/Soldier  Teams”  in  line  with  recent  ASB  studies  that  support  Army 
transformation  toward  the  Objective  Force.  The  study  should  address,  but  is  not 
limited  to,  the  Terms  of  Reference  (TOR)  Described  below.  Appointed  ASB 
members  to  this  study  are  to  consider  the  TOR  as  guide  lines  and  may  expand 
the  study  to  issues  considered  important  to  the  study.  Modifications  to  the  TOR 
must  be  addressed  with  the  Chairman  of  the  ASB. 

Background: 

a.  Deployment  of  forces  to  Southwest  Asia,  Bosnia,  Kosovo  and  Somalia 
demonstrated  the  growing  need  for  a  strategically  deployable,  medium-weight 
force  that  is  mobile  and  as  survivable  and  lethal  as  current  Heavy  Forces..  Future 
adversaries  are  expected  to  use  urban  and  complex  terrain,  state-of-the-art 
commercial  technology,  human  shields  and  asymmetric  means  to  mitigate  U.S. 
military  strengths.  The  medium  weight  Objective  Force  must  be  capable  of 
deploying  and  fighting  in  situations  where  it  is  outnumbered  and  facing  a 
technologically  laden  threat.  Moreover,  soldiers  will  more  likely  fight  dismounted 
from  their  platforms  in  the  streets  and  alleyways  of  urban  complexes.  Strict  rules 
of  engagement  will  dictate  that  targets  are  clearly  identified  and  that  collateral 
damage  is  minimized.  Soldiers  of  the  Army’s  Objective  Force,  enabled  by  a 
network-centric  suite  of  manned  and  unmanned  ground  and  air  platforms,  robust 
C4ISRand  non-lethal  means,  must  be  able  to  fight,  survive  and  win  in  those 
environments. 

b.  I  envisage  that  this  study  will  provide  practical  insights  into  current  and 
future  science  and  technology  opportunities  that  will  assist  Army  Leadership 
prioritize  research,  development  and  acquisition  in  order  to  yield  dramatic 
improvements  in  Objective  Force  Soldier  lethality,  survivability,  supportability  and 
situational  awareness.  The  study  will  examine  those  technologies  that  will 
enable  the  mounted  and  dismounted  Soldier  to  fight  within  a  network-centric, 
system-of-systems  across  the  full  spectrum  of  operations.  Military  operations  in 
urban  and  complex  terrain  will  be  addressed  as  part  of  the  study 
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TOR:  The  study  should  be  guided  by,  but  not  limited  to  the  following  TOR. 

(1)  Characterize  the  level  and  nature  of  lethality,  survivability,  logistical  and 
information  systems  for  command,  control,  communications  and  computer 
improvements  that  must  be  achieved  to  yield  a  more  effective  Objective  Force 
Soldier  across  the  operational  spectrum.  Evaluate  connectivity/interface 
between  Future  Combat  System  variants  and  the  Objective  Force  Soldier. 

(2)  Map  the  technology  from  present  to  future  that  would  obtain  the 
improvements  as  described  above. 

(3)  Include  in  the  technology  roadmap  an  assessment  of  current  and 
projected  Research  Development  and  Acquisition  efforts.  Highlight  those  areas 
where  modest  investments  now  may  yield  significant  capabilities  In  soldier 
effectiveness,  weight  reduction,  power  efficiency  and  affordability  of  soldier 
systems. 

(4)  Recommend  alternative  science  and  technology  strategies  that  can 
provide  the  level  of  improvements  outlined  above.  Stratify  the  level  of  cost, 
technical  and  schedule  risk  associated  with  each  alternative.  Address  emerging 
technologies  from  academia,  industry  and  other  government  agencies. 

Study  Sponsorship:  Co-Sponsors  for  this  study  will  be  Vice  Chief  of  Staff;  Army; 
Assistant  Secretary  of  the  Army,  Acquisition,  Logistics  and  Technology;  Deputy 
Chief  of  Staff  for  Operations  and  Plans;  Deputy  Chief  of  Staff  for  Programs; 
Deputy  Chief  of  Staff  for  Logistics;  Deputy  Chief  of  Staff  for  Intelligence;  Director, 
Information  Systems  for  Command,  Control,  Communications  and  Computers; 
Commander,  United  States  Army  Training  and  Doctrine  Command;  and  United 
States  Army  Materiel  Command. 

Study  Duration:  The  study  shall  be  completed  by  July  31,  2001. 

Sincerely, 


Assistant  Secretary  of  the  Army 
(Acquisition,  Logistics  and  Technology) 
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PARTICIPANTS  LIST 
ARMY  SCIENCE  BOARD 
2001  SUMMER  STUDY 

THE  OBJECTIVE  FORCE  SOLDIER  /  SOLDIER  TEAM 

Study  Co-Chairs 

Dr.  Robert  Douglas  GEN  Wayne  Downing  (USA,  Ret.) 

DRS,  Electro- Optical  Systems  Group  Downing  and  Associates  Incorporated 

LtGen  Marty  Steele  (USMC,  Ret.) 

Intrepid  Sea,  Air  and  Space  Museum 


ASB  Panel 

The  Future  Threats  Panel 
Dr.  Anthony  Hyder 

University  of  Notre  Dame 


The  Analysis  Panel 
Mr.  Ed  Brady 

Strategic  Perspectives,  Inc. 

The  Weight  Panel 

Dr.  Mark  Hofmann 

COLMAR  L.L.C. 


The  Manpower  and  Personnel  Panel* 
BG  James  Ralph  (USA,  Ret.) 

Ralph  Consulting  L.L.C. 

Dr.  Harold  O'Neil 

University  of  Southern  Cahfomia 

The  Affordability  and  Cost  Control  Panel 
Mr.  Carl  Fischer 

Aerojet  /  GenCorp 


Chairs 

The  Conceptual  Framework  Panel 
LTG  Charles  Otstott  (USA,  Ret.) 

Global  Infotek ,  Inc. 

The  Fightability  Panel 
Mr.  Srinivasan  (Raj)  Rajagopal 

United  Defense  L.P. 

The  Power  System  Technologies  Panel 
Mr.  Gil  Herrera 

Sandia  National  Laboratories 

Dr.  James  Sarjeant 

State  University  of  New  York  at  Buffalo 

The  S&T  Investment  Strategy  Panel 

Mr.  Herb  Gallagher 

Computer  Sciences  Corporation 


Senior  Officer  Observations 
GEN  Wayne  Downing  (USA,  Ret.) 

Downing  and  Associates,  Inc. 


*  The  Manpower  and  Personnel  Study  was  conducted  as  an  independent  Special  Study  and  then  integrated 
into  this  study. 
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ASB  Panel  Members 


Dr.  Anthony  Hyder 

University  of  Notre  Dame 

Ms.  Kathleen  Kinsella 

NGIC 

Ms.  Mary  Scott 
NGIC 


LTG  Charles  Otstott 

Global  Infotek ,  Inc. 

Mr.  Richard  Ladd 

Robinson  International,  Inc. 

Mr.  Chris  Christenson 

Institute  for  Defense  Analyses 

Mr.  Rick  Jackson 

BatteUe  Memorial  Institute 

Staff  Assistant 
Mr.  Dennis  Gihson 

Mountaintop  Technologies 


The  Future  Threats  Panel 

Dr.  Roberta-Diane  Perna 

Norwich  University,  Mezzogiomo  Consulting 

Government  Advisors 

Mr.  Earl  Rubr^ht 

CENTCOM 

Cadet  Assistant 
CDT  Kenton  Justice 

U.S.  Military  Academy 

The  Conceptual  Framework  Panel 

Mr.  Thomas  Kelly 
TPL,  Inc. 


Government  Advisors 

COL  Gary  Engel 

MTMC 

Lt.  Col.  Douglas  Jerothe 

U.S.  Marine  Corps 
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The  Analysis  Panel 

Mr.  Ed  Brady  Dr.  L.  Warren  Morrison 

Strategic  Perspectives,  Inc.  Carnegie  MeUon  University 

Dr.  Stuart  Starr 
MITRE 


Government  Advisors 

Mr.  Chris  Christenson  Ms.  Carol  Fitzgerald 

Institute  for  Defense  Analyses  U.S.  Army  Natick  Soldier  Center 


Ms.  Sarah  Johnson 

MTTRE 

Mr.  John  Matsumura 

RAND 

Dr.  Randy  Steeb 

RAND 

Staff  Assistant 
Ms.  Karen  Williams 
STRICOM 


Dr.  Michael  Macedonia 
STRICOM 

Mr.  Dan  Rondeau 

Sandia  National  Laboratories 

Mr.  Mike  Tobin 

Lawrence  Livermore  National  Laboratories 


The  Fightability  Panel 

Mr.  Srinivasan  (Raj)  Rajagopal 

United  Defense,  L.P. 

Mr.  Robert  Dodd 

AMRDEC  /  Quality  Research,  Inc. 

Ms.  Suzanne  Jenniches 

Northrop- Gmmman  Corporation 

Dr.  Prasanna  Mulgaonkar 

SRI  International 

Dr.  James  Whang 

AEPCO,  Inc. 

Government  Advisors 

Mr.  Dan  Beekman  Mr.  John  Hopkins 

Army  Research  Laboratory  Army  Research  Laboratory 


Dr.  Herbert  Dobbs 

TORVEC,  Inc. 

Dr.  John  Holzrichter 

Lawrence  Livermore  National  Laboratories 

Mr.  Kalle  Kontson 

DT  Research  Institute 

Mr.  John  Reese 

Private  Consultant 


Staff  Assistant 
Mr.  Dennis  Gibson 

Mountaintop  Technologies 
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Cadet  Assistant 
CDT  William  Sweet 

Rensselaer  Pol3^echnic  Institute 


The  Weight  Panel 


Dr.  Tony  Tether* 

Sequoia  Group  /  DARPA 

Dr.  Michael  Krause 
KRI 


Dr.  Mark  Hofmann 
COLMAR-LLC 


Government  Advisors 


Mr.  Ed  Doucette 

U.S.  Army  Natick  Soldier  Center 

Mr.  Donald  Wajda 

U.S.  Army  Natick  Soldier  Center 

Staff  Assistant 
Mr.  Tom  Conway 

Army  Materiel  Command 


Mr.  Don  Woodbury 

DARPA 


Cadet  Assistant 
CDT  Erik  Wright 

Rose-Huhnan  Institute  of  Technology 


The  Power  System  Technologies  Panel 


Mr.  Gil  Herrera 

Sandia  National  Laboratories 

Mr.  Buddy  Beck 

Trans  Digital  Technologies 

Dr.  Ka  Chai  (KC)  Cheok 

Oakland  University 

Mr.  Robert  Dodd 

AMRDEC  /  Quality  Research,  Inc. 


Dr.  James  Sarjeant 

State  University  of  New  York  at  Buffalo 

Dr.  John  Blair 

JBX  Technologies 

Dr.  Inderjit  Chopra 

University  of  Maryland 

Mr.  Lynn  Gref 

Jet  Propulsion  Laboratory 


Dr.  Tony  Hyder 

University  of  Notre  Dame 

Mr.  David  Martinez 
MfT 

Dr.  Glen  Wegner 

Health  Business  Synergies 


Ms.  Joanna  T.  Lau 

Lau  Technologies 

Dr.  L.  Warren  Morrison 

Carnegie  Mellon  University 


*  Dr.  Tether  was  Weight  Panel  chair  but  had  to  withdraw  after  being  appointed  Director  of  DARPA. 
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Government  Advisors  (Power  Panel) 


MAJ  Brian  Cummings 

TRADOC 

Mr.  Bob  Hamlen 

CECOM 

MAJ  Jim  Raftery 

Army  Research  Laboratory 


Mr.  Scott  Feldman 

U.S.  Army  Natick  Soldier  Center 

Dr.  Richard  Paur 

Army  Research  Office 

Staff  Assistant 

LTC  Tom  McWhorter 

TRADOC 


Cadet  Assistant 
CDT  Kevin  Mattern 

Wake  Forest  University 

The  Manpower  and  Personnel  Special  Study  Participants  List  is  appended  in  its  entirety  at  the  end  of 

this  appendiK. 


The  Science  and  Technology  Investment  Strategy  Panel 


Mr.  Herb  Gallagher 

Computer  Sciences  Corporation 

Dr.  Anthony  Hyder 

University  of  Notre  Dame 

Dr.  Edward  Reedy 

Georgia  Institute  of  Technology 


Dr.  Charles  B.  Engle 

Medical  Artificial  Intelligence  (MedAl) 

Mr.  Frank  Kendall 

Private  Consultant 

Mr.  George  Singley 

Hicks  and  Associates,  Inc. 


Government  Advisors 

Mr.  Roy  Cooper  Ms.  Bonnie  Jezior 

Office  of  the  Assistant  Secretary  of  the  Army  U.S.  Army  Natick  Soldier  Center 

for  Acquisition,  Logistics  and  Technology 

Staff  Assistant 
Mr.  Theodore  Mattus 

U.S.  Army  Natick  Soldier  Center 
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The  AfffordabUity  and  Cost  Control  Panel 


Mr.  Carl  Fischer 

Aerojet  /  Gencorp 


MG  Charles  F.  Drenz  (USA,  Ret.) 

C.  F.  Drenz  &  Associates 


Mr.  Richard  Ladd 

Robinson  International,  Inc. 


Government  Advisor 
COL  John  Smith 

USA  Europe  DCSLOG 


Staff  Assistant 
Ms.  Cherie  Smith 

PEG  STAMIS 


Cadet  Assistant 
CDT  Mateo  Chino 

Weber  State  University 


Senior  Officer  Ohservations 


GEN  Wayne  Downing  (USA,  Ret.) 

Downing  and  Associates  Incorporated 


Principal  Study  Staff  Assistants 

Mr.  Mike  Hendricks  Mr.  Wayne  Chalupa 

Logistics  Integration  Agency  DCSPRO-FD 


Sponsors 


HON  Paul  Hoeper 

Assistant  Secretary  of  the  Army  for 
Acquisition,  Logistics  and  Technology 

GEN  John  N.  Abrams 

Commanding  General 
TRADOC 

LTG  Larry  R.  Ellis 

Deputy  Chief  of  Staff  for 
Operations  and  Plans 


GEN  John  M.  Keane 

Vice  Chief  of  Staff  of  the  Army 

GEN  John  G.  Cobum 

Commanding  General 
Army  Materiel  Command 

LTG  Peter  M.  Cuviello 

Director  of  Information  Systems  for 
Command,  Control,  Communications  and 
Computers 
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PARTICIPANTS  LIST 


ARMY  SCIENCE  BOARD 
2001  SPECIAL  STUDY 

MANPOWER  AND  PERSONNEL 
FOR  SOLDIER  SYSTEMS  IN  THE  OBJECTIVE  FORCE 

Study  Co-Chairs 

BG  James  R.  Ralph  (USA,  Ret.)  Dr.  Harold  F.  O'Neil 

President  and  CEO  Professor  of  Educational  Psychology  and 

Ralph  Consulting  Technology 

University  of  Southern  Cahfomia 


Panel:  ASB  Members  and  Consultants 


MG  Charles  F.  Drenz 

President 

C.F.  Drenz  and  Associates 

Dr.  Michael  Freeman 

Director,  Army  Programs  Training 
Computer  Sciences  Corporation 

Dr.  Valerie  Gawron 

Veridian 


Dr.  Mark  Hofmann 

President 

COLMAR  L.L.C. 

Ms.  Susan  Lowenstam,  Esq. 

Attorney  at  Law 

LTG  John  E.  Miller  (USA,  Ret.) 

Executive  Director,  Learning  Solutions 
Oracle  (Government) 


Sponsor 


Cognizant  Deputy 


LTG  Timothy  Maude  Dr.  Robert  Holz 

Deputy  Chief  of  Staff  for  Personnel  Director,  Personnel  Technologies 

Office  of  the  Deputy  Chief  of  Staff  for  Personnel 
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Gov*t  Advisors 


MG  Sue  Dueitt 

ADCSPER(M&RA) 


COL  Robert  Buckstad 

Office  of  the  Deputy  Chief  of  Staff  for  Personnel 

COL  Barbara  Lee 

Office  of  the  Assistant  Secretary  of  the  Army  for 
Manpower  and  Reserve  Affairs 

COL  Neil  Grotegut  (USA,  Ret.) 

PM  ARS  Limited 


LTC  Lee  Myers 

Office  of  the  Deputy  Chief  of  Staff  for 
Personnel 

Mr.  Ralph  Shaw 

Consultant 

Office  of  the  Chief,  Army  Reserve 


COL(P)  David  Raes 

Director,  Technology  Center 
Iowa  National  Guard 

COL  Ron  Logsdon 

Director,  Personnel  Division 
Office  of  the  Chief,  Army  Reserve 

COL  Bruce  Westcott 

Deputy  Chief  Army  Reserves 

COL  Janies  Kurtz  (USA,  Ret.) 

Program  Manager 
IDA 

Mr.  Michael  Drillings 

Office  of  the  Deputy  Chief  of  Staff  for  Personnel 

Dr.  Zita  Simutis 

Technical  Director 
Army  Research  Institute 


Ms.  Cherie  Smith  Dr.  Trueman  Tremble 

PEO  STAMIS  Army  Research  Institute 


Staff  Assistant 


MAJ  Joe  Jones 

Action  Officer 

Personnel  Technologies  Directorate 

Office  of  the  Deputy  Chief  of  Staff  for  Personnel 
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AAA 

Anti-Aircraft  Artillery 

ACTD 

Advanced  Concept  Technology  Demonstration 

AFQT 

Armed  Forces  Qualification  Test 

AMC 

Army  Materiel  Command 

APM 

Acquisition  Program  Manager 

ARL 

Army  Research  Laboratory 

ASA(ALT) 

Assistant  Secretary  of  the  Army  for  Acquisition,  Logistics  and 
Technology 

ASVAB 

Armed  Services  Vocational  Aptitude  Battery 

ATCOM 

Army  Aviation  and  Troop  Command 

ATD 

Advanced  Technology  Demonstration 

BBN 

BBN  Technologies  (sniper  detection  system;  Bolt,  Beranek, 
Newman) 

BDA 

Battle  Damage  Assessment 

BLOS 

Beyond  Line  of  Sight 

BN 

Battalion 

C2 

Command  and  Control 

C3D2 

Cover,  Concealment,  Camouflage,  Denial 
and  Deception 

C4ISR 

Command,  Control,  Communications,  Computers, 

Information,  Surveillance  and  Reconnaissance 

CAIV 

Cost  as  an  Independent  Variable 

CENTCOM 

Central  Command 

CIDDS 

Combat  Identification  Dismounted  Soldiers 

CL-20 

An  explosive/propellant  material 

COA 

Course  of  Action 

COP 

Common  Operational  Picture 

COTS 

Commercial-off-the-Shelf 

CSA 

Chief  of  Staff,  Army 

DA 

Department  of  the  Army 

DARPA 

Defense  Advanced  Research  Projects  Agency 

DISC4 

Director  of  Information  Systems  for  Command,  Control, 
Communications,  and  Computers 

DISIM 

Dismounted  Infantry  Simulator 

DTLOMS 

Doctrine,  Training,  Leader  Development,  Organization, 
Materiel,  and  Soldiers 

EPA 

Extended  Planning  Annex 

ESM 

Electronic  Support  Measures 

EW 

Electronic  Warfare 

ECS 

Future  Combat  System 

FUE 

First  Unit  Equipped 

GEE 

Government  Furnished  Equipment 

GPS 

Global  Positioning  System 

GSR 

Ground  Surveillance  Radar 

HW/SW 

Hardware/Software 

IBCTs 

Interim  Brigade  Combat  Teams 
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ICBM 

InterContinental  Ballistic  Missile 

IDA 

Institute  for  Defense  Analyses 

IDF 

Indirect  Fire  Links 

IFFN 

Identification  Friend,  Foe,  Neutral 

IPB 

Intelligence  Preparation  of  the  Battlefield 

IR 

Infrared 

IRT 

Independent  Review  Team 

ITEMS 

Imaging  Technologies  and  Evolving  Management  Systems; 
Interactive  Tactical  Environment  Management  System 

IW 

Information  Warfare 

JANUS 

an  interactive,  event- driven  wargaming  simulation 

JCATS 

Joint  Conflict  and  Tactical  Simulation 

JFCOM 

Joint  Forces  Command 

JP8 

Jet  Propellant  8 

JRTC 

Joint  Readiness  Training  Center 

JSAF 

Joint  Semi- Automated  Forces 

JSOC 

Joint  Special  Operations  Command 

LAM 

Loitering  Attack  Munition 

LAV 

Light  Armored  Vehicle 

LCDW 

Low  Collateral  Damage  Weapon 

LLNL 

Lawrence  Livermore  National  Laboratories 

LLL  TV 

Low- light  level  tv 

LOS 

Line  of  Sight 

LRF 

Laser  Range  Finder 

LRRP 

Long-Range  Reconnaissance  Patrol 

LRU 

Line  Replaceable  Unit 

LW 

Land  Warrior 

M&S 

Modeling  and  Simulation 

MANA 

An  agent  based  simulation 

MANPRINT 

Manpower  and  Personnel  Integration 

MEU 

Marine  Expeditionary  Unit 

MILES  2000 

Multiple  Integrated  Laser  Engagement 

MM&T 

manufacturing  methods  and  technology 

MOUT 

Military  Operations  in  Urban  Terrain 

MTBF 

Mean  Time  Between  Failure 

MTBR 

Mean  Time  Between  Repair 

NAEP 

National  Assessment  of  Educational  Progress 

NAVSPECWARCOM 

Naval  Special  Warfare  Command 

NSC 

National  Security  Council 

NVL-II 

A  computerized  fire  control  night  sight  for  Anti-Tank 
weapons 

NWARS 

National  Wargaming  System 

O&O 

operational  and  organizational 

ODCSPER 

Office  of  the  Deputy  Chief  of  Staff  for  Personnel 

OF 

Objective  Force 

OFW 

Objective  Force  Warrior 
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OICW 

Objective  Individual  Combat  Weapon 

ORD 

Operational  Requirements  Document 

OTB 

Onesaf  Testbed  Baseline 

PGM 

Precision  Guided  Munition 

PM 

Program  Manager 

POM 

Program  Objective  Memorandum 

VTN 

Paint  the  Night 

R&D 

RAND 

Research  and  Development 

RDA 

Research,  Development  and  Acquisition 

RPG 

Rocket  Propelled  Grenade 

RPK 

squad  machine  gun 

RPO-A 

A  Thermobaric  Munition,  Russian 

S&T 

Science  and  Technology 

SASO 

Stability  and  Support  Operations 

SBCCOM 

SDD 

US  Army  Soldier  and  Biological  Chemical  Command 

SMART 

Susceptibility  Model  Assessment  and  Range  Test 

SNL 

Sandia  National  Laboratories 

SOCOM 

Special  Operatbns  Command 

T&E 

Test  and  Evaluation 

TOR 

Terms  of  Reference 

TRADOC 

Training  and  Doctrine  Command 

TRL 

Technology  Readiness  Level 

TSM 

TRADOC  system  manager 

TTP 

Tactics,  Techniques  and  Procedures 

TWS 

Thermal  Weapons  Sight 

UAV 

Unmanned  Aerial  Vehicle 

UGS 

unattended  ground  sensors 

UGV 

Unmanned  Ground  Vehicle 

USA 

United  States  Army 

USASOC 

United  States  Army  Special  Operations  Command 

USMA 

Unites  States  Military  Academy 

USMC 

United  States  Marine  Corps 

WMD 

weapons  of  mass  destruction 
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Deputy  Under  Secretary  of  the  Army  (Operations  Research),  Pentagon,  Room  2E660,  Washington,  DC 

20310-0102  1 

Administrative  Assistant  to  the  Secretary  of  the  Army,  Pentagon,  Room  3E733,  Washington,  DC  20310-0105  1 

General  Counsel,  OSA,  Pentagon,  Room  2E722,  Washington,  DC  20310-0104  1 

Assistant  Secretary  of  the  Army  (Civil  Works),  Pentagon,  Room  2E570,  Washington,  DC  20310-0108  1 

Assistant  Secretary  of  the  Army  (Financial  Management  and  Comptroller),  Pentagon,  Room  3E606,  Washington, 

DC  20310-0109  1 

Assistant  Secretary  of  the  Army  (Installations  and  Environment),  Pentagon,  Room  2E61 4,  Washington,  DC 

20310-0110  1 

Assistant  Secretary  of  the  Army  (Manpower  and  Reserve  Affairs),  Pentagon,  Room  2E594,  Washington,  DC 
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Deputy  Assistant  Secretary  for  Research  and  Technology,  OASA(ALT),  Pentagon,  Room  3E374,  Washington,  DC 

20310-0103  1 
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Deputy  for  Ammunition,  OASA(ALT),  Headquarters,  Army  Materiel  Command,  5001  Eisenhower  Ave., 

Alexandria,  VA  22333-0001  1 

Deputy  for  Combat  Service  Support,  OASA(ALT),  Headquarters,  Army  Materiel  Command,  5001  Eisenhower 

Ave.,  Alexandria,  VA  22333-0001  1 

Director,  Assessment  and  Evaluation,  OASA(ALT),  Pentagon,  Room  2E673,  Washington,  DC  20310-0103  1 

Director,  Army  Digitization  Office,  DACS-ADO,  Pentagon,  Room  2B679,  Washington,  DC  20310-0200  1 

Director  of  Information  Systems  for  Command,  Control,  Communications  and  Computers,  Pentagon, 
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Assistant  Vice  Chief  of  Staff,  Army  Pentagon,  Room  3D652,  Washington,  DC  20310-0200  1 

Director  of  the  Army  Staff,  Pentagon,  Room  3E665,  Washington,  DC  20310-0200  1 

Director,  Program  Analysis  and  Evaluation  Directorate,  Pentagon,  Room  3C718,  Washington,  DC  20310-0200  1 

Assistant  Chief  of  Staff  for  Installation  Management  and  Environment,  Pentagon,  Room  1 E668,  Washington,  DC 
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Deputy  Chief  of  Staff  for  Operations  and  Plans,  Pentagon,  Room  3E634,  Washington,  DC  2031 0-0400  1 

Assistant  Deputy  Chief  of  Staff  for  Operations  and  Plans,  Force  Development,  Pentagon,  Room  3A522, 

Washington,  DC  20310-0400  1 

Deputy  Chief  of  Staff  for  Logistics,  Pentagon,  Room  3E560,  Washington,  DC  2031 0-0500  1 

Deputy  Chief  of  Staff  for  Intelligence,  Pentagon,  Room  2E464,  Washington,  DC  2031 0-1 000  1 

The  Surgeon  General,  HQDA,  Skyline  Place  Building  No.  5,  Falls  Church,  VA  22041-3258  1 

Chief,  National  Guard  Bureau,  Pentagon,  Room  2E394,  Washington,  DC  20310-2500  1 

Chief,  Army  Reserve,  Pentagon,  Room  3E390,  Washington,  DC  20310-2400  1 

Chief,  U.S.  Army  Center  of  Military  History,  1 03  Third  Avenue,  Ft.  McNair,  DC  2031 9-5058  1 
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Commander,  U.S.  Army  Corps  of  Engineers,  HQDA,  Pulaski  Building,  20  Massachusetts  Ave.,  NW,  Washington, 

DC  20314-1000  1 

Com  mander,  U.S.  Army  Concepts  Analysis  Agency,  6001  Goethals  Rd.,  Ft.  Belvoir,  VA  22060-5230  1 

Commander,  U.S.  Army  Evaluation  Center,  Park  Center  IV,  4501  Ford  Ave.,  Alexandria, 

VA  22302-1458  1 

Commander,  US  Army  Test  and  Evaluation  Command  (USATEC),  4501  Ford  Ave.,  Alexandria, 

VA  22302-1458  1 

Commanding  General,  U.S.  Army  Space  and  Missile  Defense  Command,  P.O.  Box  15280, 

Arlington,  VA  22215-0280  1 

Dr.  Collier,  U.S.  Army  Space  and  Missile  Defense  Command,  P.O.  Box  1 5280,  Arlington,  VA  2221 5-0280  5 

Mr.  Pagan,  U.S.  Army  Space  and  Missile  Defense  Command,  P.O.  Box  15280, 
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Deputy  Commander  for  Space,  U.S.  Army  Space  Command,  1 670  N.  Newport  Rd., 

Colorado  Springs,  CO  8091 6-2749  1 

U.S.  Army  Space  Command  Forward,  ATTN:  MOSC-ZC,  1 670  N.  Newport  Rd.,  Suite  21 1 ,  Colorado  Springs, 

CO  80916  1 

Commander,  National  Ground  Intelligence  Center,  220  7th  St.,  NE,  Charlottesville,  VA  22901  1 

Director,  U.S.  Army  Research  Institute  for  the  Behavioral  Sciences,  5001  Eisenhower  Ave.,  Alexandria,  VA 

22333-5600  1 

Commander,  U.S.  Total  Army  Personnel  Command,  Floffman  Building  II,  200  Stovall  St.,  Alexandria,  VA 

22332-0405  1 
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U.S.  Army  Space  Command  Forward,  ATTN:  MOSC-ZC,  1 670  N.  Newport  Rd.,  Suite  21 1 ,  Colorado  Springs, 
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Commanding  General,  U.S.  Army  Signal  Command,  Ft.  Fluachuca,  AZ  85613-5000  1 

Commanding  General,  U.S.  Army  Special  Operations  Command,  Ft.  Bragg,  NC  28307-5200  1 

Commanding  General,  U.S.  Army  Intelligence  and  Security  Command,  Ft.  Belvoir,  VA  22060-5370  1 

Commanding  General,  U.S.  Army  Medical  Command,  Ft.  Sam  Flouston,  TX  78234  1 

Commander,  U.S.  Army  Medical  Research  and  Materiel  Command,  Ft.  Detrick,  MD  21702-5012  1 

Commanding  General,  U.S.  Army  Materiel  Command,  ATTN:  AMCCG,  5001  Eisenhower  Ave.,  Alexandria, 
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Commanding  General,  U.S.  Army  Materiel  Command,  ATTN:  AMCRDA-TT,  5001  Eisenhower  Ave., 
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Commander,  U.S.  Army  Chemical  and  Biological  Defense  Command,  ATTN:  AMSCB-CG,  Aberdeen  Proving 
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Commander,  U.S.  Army  Communications-Electronics  Command,  ATTN:  AMSEL-CG,  Ft.  Monmouth,  NJ 

07703-5000  1 
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Commander,  U.S.  Army  Missile  Research,  Development  and  Engineering  Center,  ATTN:  AMSMI-RD, 

Redstone  Arsenal,  AL  35898  1 

Commander,  U.S.  Army  Natick  Research,  Development  and  Engineering  Center,  ATTN:  SATNC-T,  Natick, 

MA  01760  1 

Commander,  U.S.  Army  Tank-Automotive  Research,  Development  and  Engineering  Center,  ATTN:  AMSTA-CF, 

Warren,  Ml  48397  1 

Director,  U.S.  Army  Field  Assistance  in  Science  and  Technology  Activity,  5985  Wilson  Rd.,  Suite  100,  Ft.  Belvoir, 

VA  22060-5829  1 

Director,  U.S.  Army  Logistics  Support  Activity,  ATTN:  AMXLS,  Bldg.  5307,  Redstone  Arsenal,  AL  35898-7466  1 

Director,  U.S.  Army  Materiel  Systems  Analysis  Activity,  ATTN:  AMXSY-D,  Aberdeen  Proving  Ground,  MD 

21005-5071  1 

Director,  U.S.  Army  Test,  Measurement,  and  Diagnostic  Equipment  Activity,  ATTN:  AMXTM,  Redstone  Arsenal, 

AL  35898-5400  1 

Commander,  USAWSMR  Electronic  Proving  Ground,  ATTN:  Intelligence  Office,  Ft.  Fluachuca,  AZ  85613-71 10  1 

Director,  U.S.  Army  Research  Laboratory,  ATTN:  AMSRL-D,  2800  Powder  Mill  Rd.,  Adelphi,  MD  20783-1 145  1 

Director,  U.S.  Army  Research  Office,  ATTN:  AMXRO-D,  P.O.  Box  12211,  Research  Triangle  Park,  NC 

27709-2211  1 

Commanding  General,  U.S.  Army  Training  and  Doctrine  Command,  Ft.  Monroe,  VA  23651-5000  1 

Deputy  Commanding  General,  U.S.  Army  Training  and  Doctrine  Command,  Ft.  Monroe,  VA  23651-5000  1 

Deputy  Commanding  General,  U.S.  Army  Training  and  Doctrine  Command  for  Combined  Arms/Commander, 

U.S.  Army  Combined  Arms  Center/Commandant,  Command  and  General  Staff  College,  Ft.  Leavenworth,  KS 
66027-5000  1 

Deputy  Commanding  General,  U.S.  Army  Training  and  Doctrine  Command  for  Combined  Arms  Support/ 

Commander,  U.S.  Army  Combined  Arms  Support  Command  and  Ft.  Lee,  Ft.  Lee,  VA  23801-6000  1 

Commander,  U.S.  Army  Aviation  Center  and  Ft.  Rucker/Commandant,  U.S.  Army  Aviation  School/Commandant, 

U.S.  Army  Aviation  Logistics  School  (Ft.  Eustis),  Ft.  Rucker,  AL  36362-5000  1 

Commander,  U.S.  Army  Signal  Center  and  Ft.  Gordon/Commandant,  U.S.  Army  Signal  School,  Ft.  Gordon,  GA 

30905-5000  1 

Commandant,  U.S.  Army  War  College,  Carlisle  Barracks,  PA  1 701 3-5050  1 

Commander,  U.S.  Army  Air  Defense  Artillery  Center  and  Ft.  Bliss/Commandant,  U.S.  Army  Air  Defense  Artillery 

School,  Ft.  Bliss,  TX  79916-5000  1 

Commander,  U.S.  Army  John  F.  Kennedy  Special  Warfare  Center  and  School,  Ft.  Bragg,  NC  28307-5000  1 

Commander,  U.S.  Army  Engineer  Center  and  Ft.  Leonard  Wood/Commandant,  U.S.  Army  Engineer  School, 

Ft.  Leonard  Wood,  MO  65473-5000  1 

Commander,  U.S.  Army  Quartermaster  Center  and  School/Deputy  Commander,  U.S.  Army  Combined  Arms 

Support  Command  and  Ft.  Lee/Commandant,  U.S.  Army  Quartermaster  School,  Ft.  Lee,  VA  23801-6000  1 

Commander,  U.S.  Army  Infantry  Center  and  Ft.  Benning/Commandant,  U.S.  Army  Infantry  School,  Ft.  Banning, 

GA  31905-5000  1 

Commander,  U.S.  Army  Chemical  and  Military  Police  Centers  and  Ft.  McClellan/Commandant,  U.S.  Army 

Military  Police  School,  Ft.  McClellan,  AL  36205-5000  1 

Commander,  U.S.  Army  Qrdnance  Center/Commandant,  U.S.  Army  Qrdnance  School,  Aberdeen  Proving  Ground, 

MD  21005-5201  1 

Commander,  U.S.  Army  Field  Artillery  Center  and  Ft.  Sill/Commandant,  U.S.  Army  Field  Artillery  School, 

Ft.  Sill,  QK  73503-5000  1 

Commander,  U.S.  Army  Transportation  Center  and  Ft.  Eustis/Commandant,  U.S.  Army  Transportation  School, 

Ft.  Eustis,  VA  23604-5000  1 
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Commander,  U.S.  Army  Armor  Center  and  Ft.  Knox/Commandant,  U.S.  Army  Armor  School,  Ft.  Knox,  KY 

40121-5000  1 

Commander,  U.S.  Army  Intelligence  Center  and  Ft.  Huachuca/Commandant,  U.S.  Army  Intelligence  School, 

Ft.  Huachuca,  AZ  8561 3-6000  1 

Commandant,  U.S.  Army  Ordnance  Missile  and  Munitions  Center  and  School,  Redstone  Arsenal,  AL  35897-6000  1 

Commandant,  Army  Logistics  Management  College,  Ft.  Lee,  VA  23801-6053  1 

Director,  U.S.  Army  Training  and  Doctrine  Command  Analysis  Center,  Ft.  Leavenworth,  KS  66027-5200  1 

Commander,  Battle  Command  Battle  Lab,  ATTN:  ATZL-CDB,  415  Sherman  Ave.,  Ft.  Leavenworth,  KS 

66027-5300  1 

Director,  Space  and  Missile  Defense  Battle  Lab,  P.O.  Box  1500,  Huntsville,  AL  35807-3801 

Commander,  Battle  Command  Battle  Lab,  ATTN:  ATZH-BL,  Ft.  Gordon,  GA  30905-5299  1 

Commander,  Battle  Command  Battle  Lab,  ATTN:  ATZS-BL,  Ft.  Huachuca,  AZ  85613-6000  1 

Commander,  Combat  Service  Support  Battle  Lab,  ATTN:  ATCL-B,  Ft.  Lee,  VA  23801-6000  1 

Commandant,  Depth  and  Simultaneous  Attack  Battle  Lab,  ATTN:  ATSF-CBL,  Ft.  Sill,  OK  73503-5600  1 

Commandant,  Dismounted  Battle  Space  Battle  Lab,  ATTN:  ATSH-WC,  Ft.  Banning,  GA  31905-5007  1 

Commander,  Early  Entry  Lethality  and  Survivability  Battle  Lab,  ATTN:  ATCD-L,  Ft.  Monroe,  VA  23651-5000  1 

Commander,  Mounted  Battle  Space  Battle  Lab,  ATTN:  ATZK-MW,  Ft.  Knox,  KY  40121-5000  1 

Commander,  Battle  Lab  Integration,  Technology  and  Concepts  Directorate,  ATTN:  ATCD-B,  Ft.  Monroe,  VA 

23651-5000  1 

Program  Executive  Officer,  Armored  Systems  Modernization,  ATTN:  SFAE-ASM,  Warren,  Ml  48397-5000  1 

Program  Executive  Officer,  Aviation,  ATTN:  SFAE-AV,  4300  Goodfellow  Blvd.,  St.  Louis,  MO  63120-1798  1 

Program  Executive  Officer,  Command,  Control  and  Communications  Systems,  ATTN:  SFAE-C3S,  Ft.  Monmouth, 

NJ  07703-5000  1 

Program  Executive  Officer,  Field  Artillery  Systems,  ATTN:  SFAE-FAS,  Picatinny  Arsenal,  NJ  07806-5000  1 

Program  Executive  Officer,  Intelligence  and  Electronic  Warfare,  ATTN:  SFAE-IEW,  Ft.  Monmouth,  NJ 

07703-5000  1 

Program  Executive  Officer,  Missile  Defense,  ATTN:  SFAE-MD,  P.O.  Box  16686,  Arlington,  VA  22215-1686  1 

Program  Executive  Officer,  Standard  Army  Management  Information  Systems,  ATTN:  SFAE-PS,  9350  Hall  Rd., 

Suite  142,  Ft.  Belvoir,  VA  22060-5526  1 

Program  Executive  Officer,  Tactical  Missiles,  ATTN:  SFAE-MSL,  Redstone  Arsenal,  AL  35898-8000  1 

Program  Executive  Officer,  Tactical  Wheeled  Vehicles,  ATTN:  SFAE-TWV,  Warren,  Ml  48397-5000  1 

Program  Executive  Officer,  Cruise  Missiles  Project  and  Unmanned  Aerial  Vehicles  Joint  Project,  ATTN:  PEO-CU, 

47123  Buse  Rd.,  Unit  1PT,  Patuxent  River,  MD  20670-1547  1 

Program  Executive  Officer,  Combat  Support  Systems,  ATTN:  AF  PEO  CB,  1090  Air  Force  Pentagon,  Washington, 

DC  20330-1090  1 

Program  Executive  Officer,  Joint  Program  Office  for  Biological  Defense,  5201  Leesburg  Pike,  Suite  1200, 

Skyline  #3,  Falls  Church,  VA  22041  -3203  1 

Program  Manager,  Comanche  Program  Office,  Bldg.  5681 ,  Redstone  Arsenal,  AL  35898  1 

Program  Manager  for  Chemical  DeMilitarization,  ATTN:  SFAE-CD-Z,  Aberdeen  Proving  Ground,  MD 

21010-5401  1 

Superintendent,  U.S.  Army  Military  Academy,  West  Point,  NY  10996  1 

NAVY 

Secretary  of  the  Navy,  Pentagon,  Room  4E686,  Washington,  DC  20350  1 

Under  Secretary  of  the  Navy,  Pentagon,  Room  4E714,  Washington,  DC  20350  1 

Assistant  Secretary  of  the  Navy  (Research,  Development  and  Acquisition),  Pentagon,  Room  4E732,  Washington, 

DC  20350  1 

Chief  of  Naval  Operations,  Pentagon,  Room  4E674,  Washington,  DC  20350  1 

Vice  Chief  of  Naval  Operations,  Pentagon,  Room  4E636,  Washington,  DC  20350  1 

Commandant,  U.S.  Marine  Corps,  Pentagon,  Room  4E714,  Washington,  DC  20380  1 

Naval  Research  Advisory  Committee,  800  N.  Ouincy  Street,  Arlington,  VA  22217-5660  1 

President,  Naval  War  College,  Code  00,  686  Cushing  Rd.,  Newport,  Rl  02841  -1 207  1 
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AIR  FORCE 

Secretary  of  the  Air  Force,  Pentagon,  Room  4E871 ,  Washington,  DC  20330  1 

Under  Secretary  of  the  Air  Force,  Pentagon,  Room  4E886,  Washington,  DC  20330  1 

Assistant  Secretary  of  the  Air  Force  (Acquisition),  ATTN:  SAF/AQ,  Pentagon,  Room  4E964,  Washington,  DC 

20330  1 

Chief  of  Staff,  United  States  Air  Force,  Pentagon,  Room  4E924,  Washington,  DC  20330  1 

Vice  Chief  of  Staff,  United  States  Air  Force,  Pentagon,  Room  4E936,  Washington,  DC  20330  1 

Air  Force  Scientific  Advisory  Board,  Pentagon,  Room  5D982,  Washington,  DC  20330  1 

President,  Air  War  College,  325  Chennault  Circle,  Maxwell  Air  Force  Base,  AL  361 1 2-6427  1 

OSD 

Secretary  of  Defense,  Pentagon,  Room  3E880,  Washington,  DC  20301  1 

Deputy  Secretary  of  Defense,  Pentagon,  Room  3E944,  Washington,  DC  20301  1 

Under  Secretary  of  Defense  for  Acquisition  and  Technology,  Pentagon,  Room  3E933,  Washington,  DC  20301  1 

Under  Secretary  of  Defense  (Personnel  and  Readiness),  Pentagon,  Room  3E764,  Washington,  DC  20301 
1 

Under  Secretary  of  Defense  for  Policy,  Pentagon,  Room  4E808,  Washington,  DC  20301  1 

Under  Secretary  of  Defense  (Comptroller/Chief  Financial  Officer),  Pentagon,  Room  3E822,  Washington,  DC  20301  1 

Assistant  Secretary  of  Defense  (Command,  Control,  Communications  and  Intelligence),  Pentagon,  Room  3E172, 

Washington,  DC  20301  1 

Assistant  Secretary  of  Defense  for  Economic  Security,  Pentagon,  Room  3E808,  Washington,  DC  20301  1 

Deputy  Under  Secretary  of  Defense  for  Advanced  Technology,  Pentagon,  Room  3E1 045,  Washington,  DC  20301  1 

Deputy  Under  Secretary  of  Defense  for  Acquisition  Reform,  Pentagon,  Room  3E1 034,  Washington,  DC  20301  1 

Deputy  Under  Secretary  of  Defense  for  Environmental  Security,  Pentagon,  Room  3E792,  Washington,  DC  20301  1 

Principal  Deputy  Under  Secretary  of  Defense  for  Acquisition  and  Technology,  Pentagon,  Room  3E1 006, 

Washington,  DC  20301  1 

Chairman,  Joint  Chiefs  of  Staff,  Pentagon,  Room  2E872,  Washington,  DC  2031 8-9999  1 

Vice  Chairman,  Joint  Chiefs  of  Staff,  Pentagon,  Room  2E860,  Washington,  DC  20318-9999  1 

Director,  Operational  Test  and  Evaluation,  Pentagon,  Room  3E31 8,  Washington,  DC  20301  -1 700  1 

Director,  Defense  Research  and  Engineering,  Pentagon,  Room  3E1014,  Washington,  DC  20301-3030  1 

Director,  Defense  Advanced  Research  Projects  Agency,  3701  N.  Fairfax  Dr.,  Arlington,  VA  22203-1714  1 

Director,  Ballistic  Missile  Defense  Organization,  Pentagon,  Room  1  El  081,  Washington,  DC  20301-7100  1 

Director,  Defense  Information  Systems  Agency,  701  S.  Courthouse  Rd.,  Arlington,  VA  22204-2199  1 

Director,  Defense  Intelligence  Agency,  Pentagon,  Room  3E258,  Washington,  DC  20301-7400  1 

Director,  Defense  Intelligence  Agency  Missile  and  Space  Intelligence  Center,  Building  4505,  Redstone  Arsenal,  AL 
35898-5500  1 

Director,  Defense  Logistics  Agency,  8725  John  J.  Kingman  Rd.,  Suite  2533,  Ft.  Belvoir,  VA  22060-6221  1 

Director,  National  Imagery  and  Mapping  Agency,  4600  Sangamore  Road,  Bethesda,  MD  2081 6-5003  1 

Director,  Defense  Threat  Reduction  Agency,  6801  Telegraph  Rd.,  Alexandria,  VA  22310-3398  1 

Director,  Defense  Threat  Reduction  Agency,  45045  Aviation  Dr.,  Dulles,  VA  20166-7517  1 

Director,  Defense  Security  Assistance  Agency,  1111  Jefferson  Davis  Highway,  Suite  303,  Arlington,  VA  22202  1 

Director,  National  Security  Agency,  9800  Savage  Rd.,  Ft.  Meade,  MD  20755  1 

Director,  On-Site  Inspection  Agency,  201  W.  Service  Rd.,  Dulles  International  Airport,  P.O.  Box  17498, 

Washington,  DC  20041-0498  1 

Defense  Science  Board,  Pentagon,  Room  3D865,  Washington,  DC  20301  1 

Commandant,  Defense  Systems  Management  College,  9820  Belvoir  Rd.,  Suite  G-38,  Ft.  Belvoir,  VA  22060-5565  1 

President,  National  Defense  University,  300  5th  Avenue,  Ft.  McNair,  Washington,  DC  20319-5066  1 

Commandant,  Armed  Forces  Staff  College,  7800  Hampton  Blvd.,  Norfolk,  VA  23511-1702  1 

Commandant,  Industrial  College  of  the  Armed  Forces,  408  4th  Ave.,  Bldg.  59,  Ft.  McNair,  Washington,  DC 

20319-5062  1 

Commandant,  National  War  College,  Washington,  DC  20319-5066  1 

National  Security  Space  Architect,  2461  Eisenhower  Avenue.,  Suite  164,  Alexandria,  VA  22331-0900  1 
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OTHER 

Defense  Technical  Information  Center,  ATTN:  DTIC-OCP,  8725  John  J.  Kingman  Rd.,  Suite  0944,  Ft.  Belvoir, 

VA  22060-6218  1 

Director,  Central  Intelligence  Agency,  Washington,  DC  20505  1 

National  Research  Council,  Division  of  Military  Science  and  Technology,  Harris  Bldg  Rm.  258, 

2101  Constitution  Avenue  NW,  Washington  DC  20418  1 

Director,  Institute  for  Defense  Analyses,  ATTN:  TISO,  1801  N.  Beauregard  St.,  Alexandria,  VA  2231 1-1772  1 

Library  of  Congress,  Exchange  and  Gift  Division,  Federal  Document  Section,  Federal  Advisory  Committee  Desk, 

Washington,  DC  20540  1 
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